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PREFACE 


Science is not to be denied. Scientific theories and conclusions may be 
shown to be false, but if they are not false a man shuts his eyes to them at his 
own peril." —Sir Walter Raleigh, 1922. 

Those most deeply aware of the potentialities of science, of the social 
and economic consequences of scientific achievements, and of the 
value of the scientific method of inquiry, long ago cherished the belief 
that science would exert an influence, correspondingly great, in the 
world of education. But upwards of half a century of science teach¬ 
ing has passed and still, in the opinion of many, the early hopes 
have not been fulfilled. It was perhaps inevitable that critics would 
question the wisdom of prevalent teaching aims and doubt the worth 
of practised methods. For it was not to be expected that from a 
comparatively new and ever-growing subject a satisfactory discipline 
could be created forthwith and found acceptable for all time. This 
task needs the ceaseless efforts of many teachers working in different 
directions, exploring new avenues of approach, trying out new 
methods and ideas, weighing tne underlying aims, welcoming helpful 
criticism and pooling experience; in short, working with the common 
endeavour of finding, what I would call if we had a standard of 
values, the right kind of science to teach and the right way of 
teaching it. 

The motive of helping with this work impelled the writing of this 
book, which deals comprehensively with the lecture experiment in 
the teaching of chemistry. A survey of the scope of this under¬ 
taking effectually illustrates the magnitude of the greater task. The 
province of chemistry is now too vast for one mind critically to 
survey and select the ideal portion for study, and too many-sided to 
be displayed in all its aspects, intellectual and technical, cultural 
and utilitarian, historical and economic. Indeed the very uni¬ 
versality of the subject impedes its adequate presentation. Yet 
chemistry is but one interdependent unit of the vast system of 
science. 

Now the vital force of science, pervading and uniting all its 
branches and distinguishing it from all other subjects of common 
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study, is the cx})crimcntal method of investigation—and all that 
that connotes. Imperative, therefore, in the teaching of any scientific 
subject is a careful study of the part played by the experiments. 
In the Introduction I have discussed this matter at greater length, 
and in the text I have placed the experiments against a background 
of teaching motives and methods. In other words, I have attempted 
to outline a rational way of teaching chemistry. Although the 
present book has much in common with its predecessors, the re¬ 
positories of adequately described reliable experiments compiled by 
Heumann, Newth, and Benedict, it differs from them entirely in 
design and outlook. For the experiments in these books do not run 
in any definite sequence, but arc grou];ed under a few familiar 
elements and are considered quite apart from the purpose of the 
teaching. 

Upwards of thirty years have passed since the last edition of any 
of the above works was published. Meanwhile, our knowledge of 
chemistry and our ideas on teaching it have undergone momentous 
changes. Heumann, Newth, and Benedict were university teachers 
who wrote for the instruction of adult students, and their books are 
legacies of an age when chemistry was taught as a vocational subject 
and when its cultural value was hardly recognised. 

This book opens with a discussion of the relation of the lecture 
experiment to the rest of the teaching, and then deals with the 
technique of lecture demonstration. Next follow^s in Chapters I-IV 
a sequence of lecture experiments in an order expedient for use. 
Suggestions for the better exposition of difficult points, comments 
on the interpretation and following up of experimental results, 
indications of different lines of approach to principles and con¬ 
ceptions, and suggestions for preserving continuity of treatment 
knit the experiments together. 

Chapter V describes quantitative lecture experiments, especially 
those illustrating Gay-Lussac’s law of volumes. Many teachers 
have difficulty with experiments of this type, and a special effort 
has therefore been made to deal with the problems involved. The 
chapter includes modifications of classical gas-volumetric determina¬ 
tions, of which many are now described for the first time. Most of 
the experiments require but simple apparatus and can be successfully 
performed in a lesson period of 45 minutes. 

The physical principles underlying chemical action are for con¬ 
venience of treatment grouped in Chapter VI. Much of this chapter 
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is entirely original, both in the arrangement of the reactions as 
lecture experiments and in tlie teaching approach to the various 
concepts. The Appendix contains a critical examination of methods 
of teaching chemistry and a discussion of contingent problems, and 
will, it is hoped, be of especial value to the student in training. 

I have in the Appendix suggested the desirability of making a 
thorough study of some special topic from the appropriate point of 
view. In furtherance of this idea I have treated several sections 
more deeply than is usual in vi Matriculation or in a School Certificate 
Course. This deeper treatment permits of a selection of a series of 
experiments suitable either for young pupils studying agriculture, 
domestic science, biology, or mining, to which chemistry is ancillary, 
or for older students in technical colleges and universities taking 
vocational courses in chemistry. As a consequence I find that I have 
described probably as many experiments suitable for the Higher 
Certificate and Intermediate Science Examinations as most teachers 
have time to carry out; yet I have made no deliberate attempt 
fully to cover the syllabus of these courses. In fact the book 
includes more experiments than can be performed in the usual time 
allotted to chemistry. From the abundance the teacher can select 
those which best meet the exigencies of his work; but where alter¬ 
native ways of doing the same experiment arc given I have pointed 
out the respective merits of each. 

Among the many distinctive features I should like to call attention 
to the following:— 

(a) The demonstration of perpetual motion at the beginning of 
Chapter I permitting of the early introduction of the conceptions of 
molecular motion, dynamical equilibrium, and reversibility in an 
extraordinarily simple and easily apprehended way. This series of 
experiments should form a suitable introduction to any material 
science. 

{b) The conscious effort made in Chapter III to inculcate the 
scientific method in an actual investigation carried out jointly by 
the teacher and the class. 

(c) The introduction to the halogens and salt deposits (Chapter IV) 
by the evaporation of sea-water and the fractional crystallisation of 
its main constituents. 

(d) The simplicity of the apparatus used in many of the experi¬ 
ments. Several years' experience on the Board of Education's Short 
Course of Chemistry at Oxford has convinced me of the worth of 
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these simplifications and of the help they afford. Some of these 
modifications are original; others appear in the literature but have 
not yet found their way into the text-books. I should like to call 
particular attention to the use of a short length of silica tubing, 
heated with one Bunsen flame, as a substitute for an ordinary tube 
furnace; also to the modification of Hofmann's gas-volumetric 
analysis of ammonia whereby the experiment can be done with ease 
and accuracy in 40 minutes. All these modifications save both time 
and expense without sacrifice of the spectacular appeal. Of the 
treasures of simplicity and pertinence found in the literature I would 
point out Blochmann’s demonstration of thermal dissociation, and 
the determination of the volume of oxygen in sulphur dioxide by 
W. A. Noyes. 

Many of the arrangements and adaptations of reactions for lecture 
experiments have lightened the labours of science masters, and 1 
would fain give the originators the recognition which is their due. 
But I have not succeeded in finding the history of every experiment: 
apparently many distinguished teachers never wrote up their lecture 
practice. It is a matter for general regret that such a brilliant 
teacher and experimenter as Sir William Ramsay left behind so 
few mstructioTval books. Heumama acknowledged the help he had 
received from Bunsen and other famous German chemists, but did 
not apportion it to specific experiments. A few of Benedict's 
experiments I cannot find except in his book; yet he disclaims 
originality and says that the impulse to write arose from attending 
the experimentally illustrated lectures of J. P. Cooke and of Victor 
Meyer. Newth devised some experiments, but for the most part 
adapted those of Frankland, Hofmann, and Roscoe. Roscoe 
welcomed the appearance of Newth's book, for Newth was once his 
pupil, but he regretted that the indebtedness to the Manchester 
school was not disclosed. 

Most of the remote historical information I owe to the resources 
of the splendid library of the Chemical Society. And it is with 
pleasure I put on record my thanks to the Librarian, F. W. Clifford, 
and his staff for the able and willing help they have given me. 

The substance of this book represents the experience of a lifetime 
and the writing the labour of years. It is impossible to mention all 
the suggestions I have received during this period. Ideas imbibed 
from lectures or from discussions may have been distilled from my 
mind and stored in the book. All on whom I called, whether 
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previously known to me or not, generously gave me help, and I am 
truly grateful to them. Several friends read through and discussed 
with me the Introduction and the Appendix. As one would expect, 
there was diversity of opinion on the controversial topics, and the 
responsibility for the unauthoritative statements is mine. Most of 
the sketches specially drawn for the book were executed by my old 
pupil Basil E. Owens, others by S, Marsh and R. Ficldwick. W. 
Littler kindly allowed me to use the figures, herein numbered 3,7,10, 
18, 26, 34, 38, 44, 51, 53, 58, 62, 75, 78, 81, 118, and 139, from his 
Elementary Chemistry] E. Nightingale, fig. 136 from his Magnetism 
and Electricity] Professor John Read, figs. 2, 29, 37, 40, 41, 42, and 
97 from his Introduction to Organic Chemistry. The following firms 
lent blocks: Messrs A. Gallenkamp & Co. those of figs. 5, 70, 82B, 
87,107A, and 131 (/); Messrs W. & J. George that of fig. 91 ; Messrs 
Griffin & Tatlock those of figs. 21, 119, and 141; Messrs Philip 
Harris & Co. those of figs. 30, 31, 35, 94, 96, 99, 100, 106, and 133; 
Messrs Townson & Mercer those of figs. 69 and 103. Of my colleagues, 
not mentioned in the text, A. E. M. Bayliss helped with the diction, 
H. V. Janau with the proof-reading, and G. J. Francis and E. D. 
Goddard discussed technical points with me. 

Especially would I thank Professor H. E. Armstrong for supplying 
me with details of his old master Hofmann, and for directing me 
to the source of the experiments in Newth's book; and W. Barker, 
of the Secondary School. Belper, for the loan of his manuscript 
notes and for permission to use his unpublished experiments. I 
am also indebted to E. G. Savage, C.B., H.M.I., at whose urge the 
work was begun, and to E. R. Thomas, Headmaster of the Royal 
Grammar School, Newcastle-upon-Tyne, for useful suggestions. 

Throughout the writing of the book my colleague, W. Wheatley, 
has fortified me with counsel and encouragement. And he has 
placed me the more heavily in his debt by working unremittingly at 
the manuscript searching out ambiguities of meaning and amending 
the infelicitous phrase. G. F. 


Latymer Upper School, 
Hammersmith, London, W. 6, 
November 1936. 
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In this edition I have recast a few paragraphs ; rewritten the 
directions for making silica gel and the phosphoric acids ; included 
some new experiments and replaced a few others by better ones ; 
and added references to bring the bibliographies up to date. I 
am exceeding obliged to those who have written and pointed out 
the few misprints found in the book. I gladly acknowledge the 
gift from Miss Audrey H. Heap, of the Slough High School, of a 
number of useful suggestions and of valuable modifications of 
certain experiments. These I have tried out and incorporated in 
the book. Professor J. Kendall of Edinburgh kindly sent me the 
appreciation of Black's lecture method which I had overlooked in 
the literature. G. F. 
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NOTES AND ABBREVIATIONS 

The unbracketed name and date following the heading of an ex¬ 
periment are those of the deviser and date of the lecture experiment, 
or of the first one, so far as I can find, who published practical 
details for carrying out the reaction as an instructional exercise. 
A straightforward preparation which has changed but little from 
the method of the pioneer is exceedingly difficult to date as a 
lecture experiment. 

The name and date in brackets are those of the discoverer and 
date of the reaction. 

F. (unless followed by a date) implies that the arrangement of the 
reaction as a lecture experiment is described tor the first time. 

References to statements by Miss Ida Freund taken from The 
Experimental Basis of Chemistry, posthumously published in 1920, 
are arbitrarily given as 1910, the year of her retirement. 

Frankland's lectures to teachers were delivered in 1872 and 
published in 1875. References to these I have dated 1872. Gorup- 
Besanez's Lehrhuch der Chemie was published in 1859 ; since I 
have had access to the third edition (1868) only I have dated 
references as 1859-1868. 


B, -Berichte der Deutschen Chemischen Gesellschaft, 
C.N,=^The Chemical News, 

J,Am.C.S, — The Journal of the American Chemical Society. 

J.C.E. =^The Journal of Chemical Education (see pp. 12, 532). 
J.C.S. = The Journal of the Chemical Society (of England). 
JJ.C. ^The Journal of the Institute of Chemistry, 

J.P.C. — The Journal of Physical Chemistry, 

N. = Nature, 


N.S.E, —Natural Science in Education (1918), published in book- 
form in 1927. 

5.5. R.==The School Science Review (see p. 533). 

5.5.5, ^ Science in Senior Schools. 1932. 


Full references to articles in journals are given as follows: the 
author, the journal (abbreviated title), the year of publication, the 
volume number (in heavy type), the first page of the reference. 
Thus: G. Wendt, J.C.E., 1931, 8, 278. 


d = density. . m.p. = melting-point. 

M =molar solution. N = normal solution. 

S = solubility. 
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INTRODUCTION 

Of all the complementary parts of a lesson in science—the ques¬ 
tioning, the subject-matter, the argument—there is nothing of so 
vivifying an effect and abiding appeal, nothing which so differentiates 
the lesson from others in the curriculum, as the well-planned, well- 
performed experiment. For it quickens thought, invites discussion, 
and suggests the next step in the investigation. And from the 
wave of intellectual satisfaction and delight which pervades the 
class the teacher receives not a little reflected joy. 

‘Lecture experiments lose most of their effectiveness if they 
are “lecture demonstrations.'" Any demonstration is inherently 
an offence against the scientific method. If in addition it is in¬ 
visible, we are teaching chemistry based on the authority of the 
professor. No matter how much we rail against the mediaeval 
worship of authority and exalt the scientific method, we defeat 
our ends if the student is convinced merely because the professor 
says so. . . . Lecture experiments should be investigative, should 
furnish definite and convincing facts for the mind of the student, 
and should be variable to meet the need of the argument and the 
inevitable questions from the intelligent students. So conducted 
they do accord with the scientific method and constitute the 
most valuable portion of a course in chemistry' (G. Wendt, J.C.E,, 
1931, 8, 278). 

Certainly the good lecture experiment is not a spectacular effect 
intended to provide entertainment but an integral and invaluable 
part of the teaching. Indeed it is its supreme teaching value 
which makes a careful study of the incidence and role of the 
experiment so worth the while. Manifestly, therefore, to view 
the experimental illustrations in just proportion they must be seen 
against a background of teaching aims and methods. But a discus¬ 
sion of these aims would involve a wide and not altogether profit¬ 
able digression. For the belief in and adoption of different aims 
and ideas depend upon a difference of psychological outlook: while 
the educative value of the aims is a matter of opinion, and in the 
world of opinion there is no standard. Teaching methods, although 
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to a certain extent determined by teaching aims. may. however, be 
discussed with profit, for they have been tried out in actual practice. 
It is true that most teachers at the beginning of their career have 
some knowledge of the general principles and practice of teaching, 
yet many may like to know what avenues have been explored and 
how in the fire of experience the methods have fared when applied to 
the presentation of a specific subject. Accordingly, in Appendix I 
I have formulated and submitted to critical examination well- 
accredited ways of teaching chemistry with a view to extracting 
the practical help they afford; while throughout the book the 
relation of the experiment to the rest of the teaching is referred to 
again and again. 

As time goes on and the horizons of chemistry widen, revealing 
new principles and broader generalisations, so must treasured ex¬ 
periments be jettisoned, avenues of approach to the new knowledge 
be explored, and reactions found appropriate for its illustration. 
The repercussion of the great advances in chemistry on its intro¬ 
ductory study is discussed in Appendix 1 , where suggestions are 
offered for bringing the syJlabus of work into harmony with the 
new knowledge and the new ideas. 

Based on a fundamental difference of teaching approach, Wendt 
divides lecture experiments into investigations and demonstrations 
and cogently expresses his opinion of the educative worth of the 
two classes. Chapter III advocates the lecture investigation and 
gives detailed examples of its use. The present book is intended 
mainly to afford practical help. Therefore the better to discuss 
the actual delivery of the experiments I suggest that they be 
divided into four classes: Casuals, Marathons, Majors, and Serials. 
Casuals and marathons pertain only to school teaching and are 
scarcely to be called lecture experiments in the ordinary sense of 
the term. 


Classes of Lecture Experiments 

Casuals. —I place in this class small, perhaps unpremeditated 
experiments, done on the spur of the moment, to settle a question 
raised in a discussion, or to show the futility of some statement. 
The point at issue may be quite trivial, such as the question of a 
solubility, the colour of a precipitate, or the interaction of two 
reagents. In school teaching the necessity for such experiments 
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frequently arises. A man is apt to forget how small background 
of chemical knowledge a child possesses. If a pupil has never met 
zinc oxide it is unreasonable to expect him to know that it is in¬ 
soluble in water. Of such experiments there is only one thing of 
importance to note—namely, that they should be made visible to 
the whole class. An experiment which would ordinarily be. done 
in a test-tube should be done in a gas jar: use a flask if heating is 
required, and when trying the action of litmus-paper use a long 
strip, say 6 x | in., so that all may see the colour change. 

Marathons—Long-period Experiments. —This apt name, 
coined by E. G. Savage, C.B., H.M.L, connotes experiments re¬ 
quiring several days or even weeks for completion, such as those 
on diffusion, dialysis, the rusting of iron, and Lavoisier's calcination 
of mercury. The apparatus should be placed on a shelf or window- 
ledge easily accessible to the class. It is advisable to have as many 
marathons running as possible. Their progress is eagerly watched 
by the pupils; thus interest is sustained and impressions are fixed 
by the repeated observations. Moreover, marathons are a useful 
stand-by: prepared at leisure, they are a present help in time of 
trouble, when, maybe, the harassed teacher has no other lesson in 
readiness. Then the progress of the marathon may be observed 
and recorded, and the conclusions drawn. 

Majors—Elaborate Experiments. —Experiments vary in their 
difficulty—some require complicated apparatus, others need high 
manipulative skill. Those experiments will be called majors which, 
owing to the expensive apparatus employed, or the time required 
for the assembling, or the difficult technique involved, are unsuit¬ 
able for the pupils to do themselves. Obviously there is no sharp 
line of demarcation between elaborate experiments and simple 
ones: the preparation of phosphorus chloride, or the volume 
composition of steam, is a difficult experiment for a boy of twelve, 
but is quite within the capacity of older pupils. Because of the 
outstanding importance of the phenomena illustrated, and because 
hitherto a student has been rarely allowed to use one, Wendt con¬ 
siders that such an instrument as the X-ray spectrograph should 
be used in the lecture-room. 

Undoubtedly ‘majors' have a distinct place in the teaching, 
for they illustrate phenomena which the class would otherwise never 
see; but with an advanced course, where there is much ground to 
cover, such experiments take a great deal of time. 
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There is no doubt of the popularity of 'majors’ with children; 
their faces light up with glee when, on entering a room, they find 
an apparatus completely filling the lecture bench. Tliey settle 
happily down prepared to enjoy the lesson, or willingly to sketch 
the apparatus while the teacher completes his preparations. If 
the attitude of the class were the only factor involved then a full 
programme of elaborate experiments would seem to be indicated. 
But there are other considerations. 

In the first place the time factor is important, both for the teacher 
and the class. On the one hand, the teacher needs time for prepara¬ 
tion and rehearsals. To attempt, in front of a class, a complicated 
experiment such as the composition of steam or of ozone, without 
trying it over in private, is to invite humiliating failure. On the 
other hand, when the apparatus requires the teacher’s whole atten¬ 
tion the class can only watch: thus the lesson time is consumed in 
reaching one small, if important point. 

Secondly, apart from a breakage irremediable in the lesson period, 
the inexperienced teacher is almost sure to meet further trouble 
if he fails to reach the climax of an experiment within the specified 
time. Such failures can be avoided only by timely preparation, 
full acquaintance of the technique involved, knowledge of the time 
required to reach a certain stage, and by keeping an eye on the 
clock. Thus in a preparation such as that of solid sulphur trioxide 
the experiment must be stopped in time to examine the product, 
for it cannot very well be stored until the next occasion. Again, 
in a gas-volume determination the final reading must be taken 
even though the calculation and conclusions have to be post¬ 
poned. 

Finally, elaborate experiments impose a great strain upon a 
teacher who has no capable helper. The labour of preparation is 
long, and the road to success is reached only after running several 
rehearsals. Moreover, the experiment has to be done not in the 
genial atmosphere of the university laboratory, with demonstrators 
and fellow-students ready to help in difficulties, but in front of a 
critical, expectant, and possibly exuberant class, equally prepared 
to enjoy the teacher’s failure as to profit by his success. In addition 
the teacher has to keep order, yet maintain interest; to experiment, 
yet teach at the same time. 

Many elaborate experiments may be replaced by simpler ones 
illustrating the desired point in an equally striking way. There is 
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much need for the discovery of these simpler modifications, especially 
where, as in many English schools, the lesson period is restricted to 
forty-five minutes, a time so short as to render all but impossible 
the performance of some of the classical experiments. A large 
number of such simple methods is given in the text. Thus 
Blochmann's demonstration of the dissociation of ammonium salts 
may be done—in a test-tube. Hofmann's quantitative analysis of 
ammonia may be safely and accurately carried out in front of a 
class in thirty-five minutes. 

Serials. —This name will be given to a sequence of small experi¬ 
ments leading, step by step, to the desired goal. Occasionally the 
' serials' may with advantage replace major experiments; thus 
the step-by-step illustration of the lead chamber process effectually 
replaces the well-known five-tube experiment. 

The gain which results is often considerable: both teacher and 
class benefit. Not only is it possible to question and to expound 
as well as to experiment, but the class have only one point to grasp 
at a time, and the teacher can tarry at every stage until compre¬ 
hension is reached without fear of spoiling his experiment. More¬ 
over, the serials are free from the risk of a major glass fracture 
ruining the experiment and spoiling the lesson. 

Hints on Lecture Experimentation 

Every man, according to his attainments, his disposition, and the 
conditions of his work, likes to evolve his own method of teaching. 
Yet all may profit from the experience of others, and from this 
standpoint and in no spirit of dogmatism the following hints are 
offered:— 

The apparatus should be ready before the pupils assemble. At the 
end of the lesson the whole of the apparatus, except the perishable 
rubber connections, may be stored away in a box. Then it may be 
quickly reassembled when again required. If the experiment is new 
to the teacher it should be tried over beforehand. A reserve of' spare 
parts' should be on the bench. Thus hard-glass tubes are likely 
to crack: with a crowded room there is a necessity for open windows, 
creating a draught on the bench, and a tube cannot be protected 
without impairing visibility. A second tube, fitting the cork and 
apparatus in use, can often be quickly substituted and the ex¬ 
periment completed in time. The class delight to see a disaster 
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surmounted and an apparent failure converted into a successful 
experiment. 

When an experiment fails the cause should be quickly sought, 
and if time allows the experiment should be repeated. Instead 
of assigning imaginary and fantastic reasons for the failure the 
teacher should be the keenest person in the room to find out the 
cause. An interested class attentively following such an investiga¬ 
tion, which on occasions can be extraordinarily instructive, should 
be informed of the dictum of Faraday that we learn most from 
our failures. My own plan when a failure occurs is at once to test 
the reagents. Most reagents are fairly uniform in quality, but 
some—notably metallic potassium, barium peroxide, manganese 
dioxide, and red phosphorus—differ considerably. The stock of a 
rarely used reagent may last for thirty years or more. With a new 
supply an experiment goes wrong. For a young teacher, not too 
familiar with an experiment, it is not advisable to make repeated 
attempts hoping that one may succeed. It is preferable to do 
something else, and then at leisure to investigate the experiment, 
to find the conditions for success, and to repeat the experiment 
on a subsequent occasion. It may be some consolation to learn 
that the experiments of eminent professors occasionally fail (see the 
obituary notices of G. D. Liveing, J.C.S,, 1925, 127, 2983, and 
T. Purdie, 1917, iii, 362). 

If a sequence of experiments is to be done it is advisable to follow 
the advice of Faraday and arrange them on the lecture bench in 
the order in which they will be performed. Sometimes it is a good 
plan to begin the experiment immediately the class arrives, before 
any explanation is given. By the time the exposition is finished 
the experiment has reached its critical point and is ready to be 
investigated. Thus with an elementary class the liquefaction of 
sulphur dioxide could be begun quite early in the lesson and the 
experiment made clear whilst actually in progress. 

When pupils have reached the age of 13-15, and have some 
acquaintance with chemical action, I find it stimulating and 
instructive to encourage them occasionally to predict the result 
of an experiment. Thus a jar of chlorine is placed upon a jar of 
hydrogen sulphide and before the covers are removed the class is 
invited to predict any possible reaction. 

In my opinion, lecture experiments involving considerable gravi¬ 
metric analysis should be avoided as far as possible: it is better 
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for the class to do them in the laboratory. But where it is deemed 
essential to carry out a gravimetric analysis on the lecture bench 
it is advisable to do as much of the weighing as possible beforehand. 
It is a sheer waste of time and energy to stage a gravimetric deter¬ 
mination requiring most of the teacher's time and attention and 
then to discover that the class have but a hazy notion of what 
is being done. It is better to sacrifice something and spend a 
lesson making an approach to the elaborate one. Several instances 
will be given in the text. See also Fundamental Experiments 
in Chemistry, by E. D. Goddard, where the method is much 
employed. 

With a class of young beginners it must be remembered that 
not only the materials, their names and spelling, but also the 
handling of acids and the manipulation of gases, indeed every¬ 
thing, is new and strange. Each piece of apparatus should be 
exhibited, its use explained, and its manipulation shown. 

Get promising members of the class to help with the experiments. 
While a teacher is experimenting, questioning, and endeavouring 
to hold with his eye the wandering attention of weaker members 
of the class, a reaction may become violent, e.g. that of the inter¬ 
action of copper and concentrated sulphuric acid. A front-row 
pupil should be detailed to watch the reaction, and should be 
informed how to act when the experiment reaches a certain stage. 
Again, while the teacher's thoughts are diverted from the experi¬ 
ment he may pick up a wrong bottle or omit to add one of the 
reactants. If concentrated ammonia were poured into a hot solu¬ 
tion in mistake for sulphuric acid a serious accident might ensue. 
Yet such an occurrence is easily possible when, in a demonstration 
involving the use of both these liquids, a teacher's attention is 
divided. If interested pupils are watching, the teacher will be 
informed before a mistake is made. 

Although the showman spirit—assuming the term to connote the 
flash and bang for their own sake—should be suppressed, yet the 
experiments should be made as spectacular as possible. Ramsay 
enjoyed the decomposition of nitrogen iodide as much as anyone in 
his class. Fenton of Cambridge used to have an anvil brought in on 
which he hammered diazo compounds. Smithells would twiddle 
a naked finger inside the hollow cone of a huge roaring Bunsen 
flame. Rakestraw illustrates rapid combustion by igniting a taper 
of gun-cotton on his open hand. University students as well as 
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school children enjoy the thrill of decomposing mercury thiocyanate, 
or watching blazing petrol extinguished with foamite. The big 
flask which all can see, the bang, the production of bright colour 
in abundance, all impress, and all have their place provided that the 
phenomena illustrated are worth the while. As N. W. Rakestraw 
(1931) says : * A sense of the dramatic is essential to success in the 
art of lecture demonstration.* 


The Literature 

The literature of lecture practice is bound up with that of chemical 
instruction in general. In this brief review, while special attention 
is given to the portions dealing with lecture experimentation, the 
literature will be treated as a whole. Although widely dispersed, 
the total pre-War output of both England and America is small in 
amount. Descriptions of some of the best lecture experiments 
appear casually in text-books, while ideas on teaching come from 
presidential and memorial addresses, reports on lectures and 
controversies, and from articles on special subjects. But little 
of this writing has been gathered into book-form, and much is 
scattered in remote journals, some of which are now defunct. 
Since the War an extensive literature has sprung up, especially in 
the United States of America. 

Foremost among the early books containing a wealth of experi¬ 
ments is the well-known Chemical Manipulations, by Michael 
Faraday, published in 1827. This book of over a century ago, 
with its descriptions of simple experiments, its information on the 
materials for apparatus, and its advice on careful manipulation, is 
still well worth reading. 

Although in the next four decades text-books were published in 
several countries, few gave precise details for carrying out funda¬ 
mental and instructional experiments. If therefore I single out 
for mention the Lehrbuch der Chemie of E. F. von Gorup-Besanez 
(1859) it is because it gives not only working details of classical 
experiments now familiar in the majority of modem text-books, 
but also because it describes simple and original ways of carrying 
out important informative preparations. 

The first recorded break from the method of teaching then in 
vogue appears in An Introduction to Modern Chemistry (1865) t>y 
A. W. Hofmann. Hofmann decided that the new advances in 
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chemistry warranted a new presentation. Accordingly, he intro¬ 
duced early in the course and demonstrated on the lecture bench 
the preparation and gas-volumetric analysis of steam, ammonia, 
hydrogen, and methane. From the experimental results Hofmann 
was able to develop the conception of valency and to deduce the 
laws of combination. 

Exercises in Practical Chemistry, by A. G. Vernon Harcourt and 
H. G. Madan, first published in 1869, went through several editions, 
and finally passed out of print in 1930. The book deals almost 
entirely with analysis and with the preparation and properties 
of gases. The instructions for carrying out the experiments are 
models of clarity, and for this alone the book is still well worth 
acquiring. 

S. Cannizzaro, the Faraday Medallist and Lecturer of 1872, 
devoted his discourse to showing how the atomic and molecular 
theories could be arrived at from a study of the volumetric com¬ 
position of gases. He urged that this should be the teaching 
approach to these theories and he described in detail a teaching 
procedure. A masterly exposition of the new molecular theory 
appeared also in The New Chemistry (1873), by the American pro¬ 
fessor J. P. Cooke. 

How to Teach Chemistry, by E. Frankland and G. Chaloner 
(1875), describes the lectures given by Frankland (Sir Edward 
Frankland, 1825-1899) in the years 1872-1875. These lectures were 
abundantly illustrated, for Frankland was not only a great deviser 
of experiments but a craftsman of extraordinary manipulative 
ability. 

Anleitung zum Experimentieren, by Professor Karl Heumann, 
first appeared in 1876, and the third (the latest) edition was issued 
in 1904. Heumann gathered together the best of the published 
and unpublished work of his day. Bunsen lent him his notes of 
lecture experiments; VoUiard informed him of the experiments of 
Liebig; while Buchner, Erdmann, and, for the later editions, Victor 
Meyer, Ostwald, Emil Fischer, and other distinguished German 
chemists, all communicated their unpublished experiments. The 
experiments in the Anleitung are grouped under typical elements, 
and are not in an order expedient for teaching. The work 
is forged with typical Teutonic thoroughness, but many of the 
processes are unnecessarily elaborate. Thus an Erlenmeyer furnace 
with fourteen Bunsen flames is used to decompose mercuric oxide. 
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Nevertheless Heumann^s Anleitung remains the finest collection 
of lecture experiments hitherto published. 

Publication of the great treatise on chemistry by Roscoe and 
Schlorlemmer began in 1878, and the first volume, dealing with 
inorganic chemistry, is replete with lecture experiments. The same 
can be said of the inorganic chemistries of Ira Remsen (1887) and 
C. L. Bloxam (1880). 

The first of the four volumes of Experimental Chemistry by 
Professor J. Emerson Reynolds appeared in 1880. This work went 
through several editions, and is now out of print, but it is still 
obtainable second-hand. It contains a rich store of experiments 
both for the laboratory and the lecture-room. Some of the experi¬ 
ments are exceedingly ingenious, and all are simple. Reynolds' 
method of teaching will repay study. 

Sir William Ramsay (1852-1916), as a young professor, seems to 
have been the first to devise an instructional scheme for deducing 
the theory of chemistry from experiments carried out by the pupils 
themselves. To this end he simplified the apparatus introduced 
by Hofmann for the volumetric analysis of gases and added methods 
of his own. His course of work was outlined in Experimental 
Proofs of Chemical Theory (1884), and was intended for university 
students; nevertheless the experiments make excellent lecture 
illustrations. I have in this book described most of his experiments, 
with slight modifications dictated by experience. 

In i88g, at the Meeting of the British Association, Professor 
H. E. Armstrong advocated the adoption of the heuristic method 
of teaching and published a scheme for putting the plan into actual 
practice (see Appendix I, p. 504). Thenceforward, on platform and 
in the Press, he has never ceased furiously to assail the merely 
instructional methods and strenuously to plead for a more scientific 
mode of presentation. Professors W. H. Perkin and A. Smithells 
also worked to secure more enlightened methods of teaching, and 
the literature containing their views and suggestions is given below. 

G. S. Newth published Chemical Lecture Experiments in 1892. A 
few of the experiments are original, but the majority are those of 
Faraday, Frankland, Hofmann, and the Manchester School. Newth 
introduces no novelty of arrangement, but follows Heumann, and 
groups the experiments in an arbitrary order round a few familiar 
elements. I have never known an experiment fail when carried 
out according to Newth's directions. He was a craftsman of rare 
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ability, and he enriched the technique of demonstration, but his 
selection of experiments lacks proportion. Thus he gives twelve 
methods of preparing oxygen and but few experiments on chalk; 
colloids and chemical statics and dynamics are almost entirely 
unrepresented. 

F. G. Benedict's Chemical Lecture Experiments (1901) is similar 
in plan to the work of Newth. Benedict gives a good collection of 
qualitative experiments, but is rather partial to the spectacular. 
He deliberately omits all experiments requiring elaborate or 
expensive apparatus: thus he includes only a few quantitative 
determinations and limits the preparation of ozone to the action 
of phosphorus on air. This I consider a defect, for the elaborate 
experiment has its distinct function of illustrating some point 
of great significance which the student must otherwise take on 
authority. For all that, Benedict describes some valuable experi¬ 
ments, notably those of Professor J. P. Cooke, which are not to 
be found elsewhere. 

Hints on the Teaching of Chemistry, by W. A. Tilden, appeared 
in 1895. Alexander Smith, when chairman of the National Educa¬ 
tion Association in 1899, prepared an outline course in chemistry 
for secondary schools which is now the basis of the school chemistry 
throughout America. The underlying principles of his method and 
his views on the teaching of introductory chemistry were given 
in The Teaching of Chemistry and Physics (1902). The coming 
of physical chemistry and its influence on the presentation of 
elementary chemistry are discussed on p. 518. 

The World War, 1914-1918, revealed among other things the 
stupendous industrial -and economical importance of chemistry. 
Accordingly, its study received a great stimulus, and its prestige in 
the educational world was enhanced. A committee was appointed in 
1916 in England to inquire into the position occupied by Natural 
Science in the educational system. The report, published under 
the title of Natural Science in Education, was fruitful in conse¬ 
quences. In 1919 the Science Masters Association was founded 
and the School Science Review appeared. Text-books too numerous 
to mention were written embodying suggestions made in the report. 
The Board of Education arranged a refresher course for teachers 
at Balliol College, Oxford. In America the Chemical Society formed 
a section to further the interests of chemistry in the schools. The 
organ of the section. The Journal of Chemical Education (see also 
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p. 531), commenced publication in 1924. This journal, by pro¬ 
moting discussions on the aims and methods of teaching, and by the 
publication of helpful articles, has done much to advance the study 
of the presentation of chemistry. 

Although the copious literature which has sprung up during the 
twentieth century includes no comprehensive work on lecture 
experiments, many sections of chemistry have in this respect been 
adequately served. Admirable experiments on physical chemistry 
were published in the years 1900-1905 by Professor A. A. Noyes 
and his collaborators in the Journal of the American Chemical Society. 
These experiments, together with many others, were collected in 
book-form by H. S. van Klooster, Lecture Experiments in Physical 
Chemistry, first published in 1919 and enlarged in 1925. Numerous 
experiments on colloids and adsorption suitable for the lectuie 
bench are to be found in Colloid Chemistry, by H. N. Holmes (1922); 
A Laboratory Manual of Colloidal Chemistry, by E. Hatschek (1925), 
and Practical Colloidal Chemistry, by Wolfgang Ostwald, in 1915. 
The dates, as throughout this article, refer to the first editions 
of these books. Of appropriate experiments for the illustration 
of organic chemistry. Theoretical Organic Chemistry, by J. B. Cohen 
(1902), and A Text-hook of Organic Chemistry, by J. Read (1926), 
contain a rich store. In addition lecture experiments frequently 
appear in the J,C,E, and the S.S.R., and occasionally in the journals 
devoted to research. 

Of the vast output of post-War literature published in America 
the following papers from the J.C.E. are cited, partly because of 
the worth of the subject-matter and partly because of the extensive 
bibliographies they contain:— 

‘A Symposium on Lecture Experimentation,’ J.C.E., 1929, 6, 
1882; ‘The Problem of the One-Year Course in Chemistry,’ by 
Gerald Wendt, 1931, 8, 270; ‘The History of Chemistry Teaching 
in American High Schools,’ by P. J. Fay, 1931, 8, 1533; * Methods 
of Teaching Science,’ by V. Gugenheimer, 1932, 9, 1439; *The 
Individual Laboratory Method/ by T. M. Barger, 1935, 12, 229. 
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CHAPTER I 


INTRODUCTORY: A STUDY OF WATER AND AIR 

This chapter contains experiments introductory to chemistry— 
including those leading up to and dealing with a first study of air 
—arranged in an order expedient foi teaching. However, inas¬ 
much as a teacher's requirements will vary with the conditions of 
his work, so must he select experiments, modify the arrangement, 
and handle the results according to the necessities of his work and 
his views on teaching. 

Thus, those desirous of impressing the physico-chemical aspect 
from the beginning should stress the results of Expts. i~6, and 
establish the conceptions of equilibrium and reversibility. Others, 
having but a short time to devote to chemistry and intending to 
give an authoritative statement of the atomic theory, could use the 
early experiments as taking-off ground. Teachers with more time 
to devote to the subject should endeavour to dispel the illusion 
that chemistry is a mass of disconnected facts. The way to do 
this cannot be given in detail because the lecture experiments only 
are given here, and not the subject-matter of the lessons; neverthe¬ 
less, some suggestions are made. Thus heat and electric energy 
are found to bring about the decomposition of many complex 
substances and the existence of final products unaffected by heat 
or electricity leads to the conception of elements. Trying the 
action of heat on common materials shows that water is not an 
element and introduces the element hydrogen. Water is found to 
be hydrogen oxide, and since hydrogen burns in air to form water, 
air must contain oxygen. Further comments and suggestions for pre¬ 
serving the continuity will be found on p. 59, where the presentation 
of the chemistry of air is discussed. 

Expt. 1.—On the Three States of Matter 

That many forms of matter can’exist in three states is common 
knowledge, and merely needs gathering from the class and expressing 
in precise terms. 
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Fit a flask, half-filled with water, with a one-holed cork carrying 
a short length of straight tubing. Boil the water and note that 
the steam inside the flask is invisible, the stream of water dust, 
beginning just above the glass tube, is due to the condensation of 
myriads of steam particles. 

Light a candle and call attention to the solid wax and the pool 
of liquid. Blow out the candle and note the gaseous wax ascending. 
Place a light 1-2 inches or so above the wick ; if the draught does 
not interfere the vapour will ignite and the flame run back and light 
the wick. 

Place 3-4 c.c. of ether in a test-tube clamped in a stand so that 
it may be heated. Heat the tube gently, the liquid boils but no 
vapour is visible. Apply a light above the tube. The invisible 
vapour ignites. 

Expt. 2 .—The Divisibility of Matter. F. 

A definite amount of potassium permanganate is dissolved and 
the solution diluted until the colour is only just perceptible. The 
number of drops in the diluted solution and the weight of the salt 
in each drop is then calculated. 

Have ready in a beaker i gm. of potassium permanganate. Add 
about 50 c.c. of water and warm the liquid until the permanganate 
has dissolved. Pour the solution into a graduated litre flask and 
dilute to the mark. Mix the solution thoroughly by inverting the 
flask several times. Call attention to the dark colour and to its 
uniform distribution ; compare with the colour of the solid in the 
stock bottle. Place some of the solution in a burette, adjust the 
tap to deliver drops, and let the class count the drops—usually 
20-30 to a c.c. A litre contains, therefore, say 25,000 drops. Take 
10 c.c. of this solution, place it in a second litre flask, dilute to the 
mark and mix as before. A homogeneous liquid of a deep rose- 
pink tint is obtained. The original liquid has been diluted 100 
times; had the entire amount been so treated, the diluted liquid 
would occupy 100,000 c.c. and would consist of 2,500,000 drops, 
each displa3fing the deep rose-colour and each containing some of 
the solid permanganate. Place about 900 c.c. of water in a third 
litre flask—the first may be used, some of the liquid being reserved 
for comparison—and add 10 c.c. of the first dilution, no colour is 
visible ; add further portions of 10 c.c. until the pale rose tint is 
perceptible. Then make the volume up to a litre as before. (The 
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pale rose tint is observed with keen eyesight when 30 c.c. of the 
first dilution have been added ; it is easily perceptible when 50 c.c. 
have been added—that is, when the o*ooi per cent, solution has been 
diluted twenty times.) Assuming 50 c.c. of the first dilution have 
been diluted to a litre, this is equivalent to diluting the original 
litre to 2,000,000 c.c.—that is, 50,000,000 drops. The i gm. of the 
salt originally taken is therefore divisible into at least 50 million 
parts, each alike in its power of imparting the same depth of 
colour to a certain volume of water. 

Expt. 3 .—The Movement of a Gas is Observed. F. 

Bromine vapour is allowed to diffuse into air and its motion is 
watched until equilibrium is reached. 

Place 3-4 drops (not more) of bromine on the bottom of a dry gas 
jar. Loosely cover the jar with a paper cap. In less than a minute 
the bromine completely vaporises and a brown gas about one- 
quarter fills the jar. Stand a sheet of white cardboard behind the 
jar and let the class watch the movement of the gas. At the end 
of 2-3 minutes, a brown atmosphere of almost uniform tint fills the 
jar. Now take a jar of the same size full of * air,* grease the ground 
edge and, first removing the paper cap, stand it upon the jar of 
bromine. In 3 minutes it is quite manifest that the brown gas 
is advancing into the jar of air. In 5 minutes keen eyes will detect 
the brown gas at the top of the jar of air. In 25-35 minutes the 
brown attenuated vapour will be uniformly distributed throughout 
the enclosed space and will remain so for hours—a state of equilibrium. 

It is obvious that the coloured gas has moved. Has the invisible 
air likewise penetrated into the bromine ? While waiting for the 
system to reach equilibrium fill a jar with coal gas, by displacement 
of air, and remove the cover. Fill a second jar with coal gas and 
stand it under a jar of air. In two or three minutes cover the jars, 
and then test them severally with a lighted taper. Coal gas, in 
apparently equal amounts, will be found in each jar. 

The deductions from these experiments and the depth of treat¬ 
ment must depend upon the age and ability of the class, the purpose 
the teacher has in view, and other such considerations. With a 
young class it may suffice to conclude that a gas tends to fill any 
space into which it is put. Much-more can be done with an older 
class, when conceptions such as the equilibrium position can be 
introduced. 
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The movements of coloured solutes into liquids and jellies are 
fascinating and thought-provoking experiments. The results afford 
an easy introduction to the conceptions of reversibility and 
equilibrium. 

Expt. 4 .— The Motion of Dissolved Bromine. F. 

Dilute aqueous bromine is left in contact with carbon tetra¬ 
chloride until equilibrium is reached. The aqueous layer is removed 
and replaced by water: bromine passes into the water until equi¬ 
librium is once more attained. The colour of the second solution 
is compared with that of the first. 

In a loo-c.c. stoppered cylinder place 10-50 c.c. of carbon tetra¬ 
chloride. Using a pipette gently run dilute bromine water upon 
the carbon tetrachloride till the cylinder is full. Insert the stopper. 
One part of a saturated solution of bromine with two or three parts 
of water forms a suitable liquid. Clamp the cylinder in a stand 
and place it where it will not be disturbed. In about 10 minutes 
the carbon tetrachloride is of a pale yellow colour. At the 
end of 30-40 minutes the colour is uniform throughout both 
liquids. After an hour the colour is deeper in the carbon tetra¬ 
chloride layer. By the next day, while the carbon tetrachloride 
layer is deep brown-red, the aqueous solution is pale yellow. On 
the second and third and succeeding days the colours remain 
unchanged, for equilibrium has been reached. Some of the bromine 
in the top of the aqueous layer must have travelled the entire length 
of the cylinder. 

Separate the two layers with a funnel, store the aqueous layer in 
a stoppered cylinder and replace the carbon tetrachloride extract 
in the cylinder. Fill the cylinder completely with water and insert 
the stopper. Some bromine penetrates very slowly into the water. 
At the end of several hours the pale yellow aqueous bromine 
solution extends for about J of an inch. In 24 hours the bromine 
molecules have advanced about | of an inch into the water layer. 

The equilibrium position is not reached until many weeks have 
passed, when the whole of the aqueous layer is of a uniform pale 
yellow tint identical with that reserved from the first equilibrium 
position. Some molecules of bromine must therefore have left 
the carbon tetrachloride solution and travelled the entire length of 
the jar. 

The experiments are susceptible of several obvious modifications. 

2 
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The forward and back reactions may be started simultaneously, 
while other solvents and solutes may be tried. But for marathon 
experiments avoid the use of ether, benzene, toluene, or other liquid 
which reacts with bromine. 

Expt. 5 .—The Motion of Gas Particles. F. Wohler, 1871 

Plydrogcn is allowed to diffuse through a porous pot, disturbing 
the equilibrium existing between the air on either side of the walls. 
The temporary pressure thus set up is indicated by means of a gauge. 

Bend a length of ordinary glass tubing to form a long narrow 
U-tube having each limb 12-18 inches long. Suck in some coloured 

liquid—such as ink—so that it reaches 
a height of about 6 inches. Attach 
a small porous pot, 5 x i in. is a 
convenient size, to the extremity of 
one limb by means of a one-holed 
rubber stopper (fig. i). It is common 
knowledge that flower-pots, porous 
partitions of electric cells, etc., are 
pervious to water and air. Now if 
Expt. 3 has been done the class are 
aware of the unceasing motion of 
gases and of the state of equilibrium. 
It is obvious that the air inside the 
pot and that outside are in a state 
of equilibrium, for should air pour 

Fig. I.-Diffusion of Gases. it flows out the gauge 

would move. Illustrate this by 
blowing, using the mouth or a small hand-syringe, on the open 
end of the tube. We now examine the effect of a change of atmo¬ 
sphere on the outside of the pot. Fill a dry jar with coal gas 
by upward displacement of air. Cover the jar, convey it to the 
porous pot, then open the jar and place it over but not touching the 
porous pot. The coloured liquid is propelled violently into the open 
limb. On removing the jar the hydrogen moves out of the pot and 
soon equilibrium is again reached. 

Once again the deduction drawn must depend on the age and 
mental ability of the class and of the aim the teacher has in view. 
With a young class it may suffice to show that the particles of a gas 
are exceedingly small, that they are ever in motion, and that the 
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rate of movement varies with different gases. More can be done 
with an older class. 

Expt. 6.—The Movement of Particles into and in Solids. F. 

For the purpose of this experiment a gel is taken to be a loosely 
aggregated solid. A gel is prepared and a coloured solution placed 
in contact with it. The solute advances into the gel and eventually 
a uniform distribution of colour in both gel and solution results. 
The aqueous solution is then removed and replaced by water and 
the reverse action studied. 

Find the weight of a quantity of sheet gelatin—the product sold 
by a grocer is quite suitable—and soak it in water some hours before 
it is required, then warm the water until solution is effected. Dilute 
the solution so that lo gm. of gelatin will be in loo c.c. Half-fill 
several vessels with the warm solution: white-glass medicine 
and other bottles, especially tall narrow bottles used to contain 
sauce, coffee extract, etc., test-tubes, boiling tubes, and stoppered 
cylinders are all suitable receptacles. Allow the gel to cool and 
set. The bottles, thus charged with gel, should be prepared before 
the lesson. Prepare a solution containing lo gm. of potassium 
chromate in loo c.c. of water and another with lo gm. of anhydrous 
copper sulphate in loo c.c. Make the latter solution by dissolving 
15 *6 gm. of hydrated copper sulphate in warm water and diluting 
to 100 c.c. A more effective colour may be obtained as follows: 
dissolve the 15*6 gm. of copper sulphate in warm water, add just 
sufficient concentrated ammonia to form the deep blue cuprammine 
sulphate and dilute to 100 c.c. 

Note.—Some qualities of powdered gelatin on the market will 
dissolve in warm water without previous soaking. For these 
experiments 5 gm. of gelatin in 100 c.c. of water makes a stiff and 
excellent jelly. In the present experiment 10 gm. of gelatin is 
used for the sake of simplicity; 10 gm. of a salt in 100 c.c. of 
solution will diffuse with sufficient velocity for the beginning of the 
flow to be visible in the lesson period, and when 10 gm. of gelatin 
has been used there is approximately the saime quantity of water 
in the gel as there is in the solution. The deep blue cuprammine 
solution is not suitable for the backward and forward movement 
described in the last part of this experiment, because its slow 
decomposition gives rise to basic salts, which form a deposit in 
the gel. 
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Pour on to one gel an equal volume of the copper solution and 
on to another an equal volume of the solution of potassium chromate. 

Mark the level of the aqueous solution with a strip of paper, cork the 
vessel, and stand it where it will not be disturbed. In a quarter of an 
hour the copper sulphate will have penetrated a measurable distance 
into the jelly ; in 24 hours a splendid diffusion effect, extending 
1-2 inches into the jelly, will be observed, while in two or three 
days the jelly will be homogeneously coloured and of the same 
tint as the aqueous solution. Meanwhile, as indicated by the 
paper mark, the water-level has remained unchanged. The copper 
sulphate alone therefore has moved into the jelly. The jelly has 
manifestly remained unchanged. Any movement of the water is 
negligible, since each phase contains the same weight of water. 

Next remove the aqueous layer—thus half the copper sulphate 
is removed. Wash the surface of the jelly once with cold water 
and then fill the vessel with water to the mark occupied by the 
copper sulphate solution, and cork the vessel. Once more stand 
the system for observation. In a few days the whole system is 
again uniformly coloured, half the copper sulphate having travelled 
back into the water. The aqueous solution may be removed, fresh 
water added, and the process repeated. 

Note. —With a class sufficiently advanced, the question may now 
be put: How much water would be required completely to clean 
the blue jelly ? 

The problem will crop up again later in connection with adsorp¬ 
tion coefficients and the washing of precipitates. With a junior 
class it may be sufficient to deduce that the molecules are always in 
motion ; that if left undisturbed the system reaches an equilibrium 
which is dynamic. In the system under study the molecules at 
equilibrium are uniformly distributed in the jelly and the water, 
as revealed by the uniform colour. To a class taking a cultural 
course there is an opportunity here of pointing out the necessity 
of caution in the interpretation of experimental results. In the 
phenomena observed there is much about which we still theorise. 
Why do the molecules move and how do they penetrate the water 
and the jelly ? We assume the molecules are all of the same 
size, but the colour-front of the advancing legions of molecules is 
not of a uniform tint, but passes by imperceptible shades from blue 
to colourless. Possibly the molecules have therefore not all the 
same speed, accordingly they are advancing not as soldiers in close 
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regular formation but as runners in a race. Again the molecules 
may be moving at the same rate but the structure of the jelly may 
hinder the progress of some while helping others. The phenomena 
now become fascinating and full of unsolved problems. 

Chemical and Physical Changes 
The distinction between a chemical and a physical change may 
be illustrated as follows :— 

Expt. 7 . —Heating Magnesium and Platinum. E. Frankland, 1872 ♦ 
Magnesium and platinum are separately heated and the phenomena 
contrasted. 

Hold a piece of platinum foil with tongs and make it hot in a 
Bunsen flame. Call attention to its change in colour when hot, 
and the reappearance of the original silvery colour on cooling. 
Now attempt the same experiment with magnesium ribbon. 

Straighten a 9-inch length of magnesium ribbon, hold it in tongs 
at an angle of 45'' with the flame and ignite it. Have a sheet of 
black paper or a black tray at hand and catch the burnt product. 
Contrast the two results. 

Expt. 8.— Heating Sugar and Naphthalene. A. F. Holleman, 1901 
Place a saltspoonful of sugar in a boiling tube or in a small 
dry flask. Heat the flask gently and call attention to a few of 
the stages of the ensuing decomposition. Place a teaspoonful of pure 
naphthalene in a small retort. The class observe the crystalline 
form and the odour of the substance. Heat gently until the 
naphthalene melts ; call attention to the colourless liquid. Raise 
the temperature until the naphthalene boils. Collect the condensed 
product in a test-tube and show that the whole solid obtained 
has the form and odour of the original substance. Now introduce 
the conceptions of a chemical and physical change. 

The above experiment may be supplemented by the following:— 

Expt. 9.—Heating Various Substances 

(a) Heat red lead in a hard-glass test-tube until the substance 
appears black. Remove the tube from the flame and let the effect 
of heat be seen. Allow the tube to cool; the red colour returns. 
Repeat using mercuric iodide or zinc oxide. The mercuric iodide may 


♦ Professor Sir Edward Frankland, 1825-1899. 
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be rubbed on a sheet of filter-paper and held over a small Bunsen 
flame until the yellow form is obtained. (See also Expt. 484.) 

(b) Heat a saltspoonful of ammonium dichromate in a test-tube. 
Point the tube in a safe direction for the decomposition is sudden 
and violent. Compare the product, in form and colour, with the 
original substance. 

(c) (F. Wohler, 1821.) W. L. Carpenter, 1865.—Support 
a sand-bath tray on a tripod and make the tray hot. Drop on 
the tray, one by one, crystals of mercury thiocyanate, and watch 
them change into fantastic shapes. Do not make too many of 
these Pharaoh's serpents, as poisonous odours are evolved. 

Chemical Action.—At this stage either chemical or physical 
change may be followed up. It is perhaps preferable to take 
chemical action first and lead up to the idea of the indestructibility 
of matter before dealing with the physical changes occurring in 
such processes as solutions and sublimation. 

Experiments may be performed to show how chemical action is 
induced and what results from it. Once again the treatment must 
vary with the conditions of teaching. If the Modern Method, p. 518, 
is being employed the change of energy should be stressed. 

Substances often react chemically on merely being brought into 
contact. 

Expt. 10 .—The Synthesis of Phosphorus Iodide. E. Frankland, 
1872 

Support a dry porcelain tile on a tripod and on it place a small 
heap of dry powdered iodine. Cut a piece of yellow phosphorus 
(see p. 289) pea-size, dry it with blotting-paper, and using a pair of 
tongs drop it on the iodine. The mass inflames and fumes are 
evolved. Cover the product now with a beaker to avoid annoyance. 

Expt. 11 .—Vigorous Oxidation of Alcohol. F. 

Stand a beaker or a wide-necked flask on a wood block. In 
winter warm the flask gently—say to 40® C. Place a few drops of 
warm dry alcohol in the flask, and at arm's-length add a few drops 
of chromyl chloride (CrOgClg). The oxidation of the alcohol is 
accompanied by a vivid flash and the sides of the flask are coated 
with a green product (CrClg). 

The chromyl chloride may be made as follows:— 

Powder 10 gm. of potassium dichromate and mix it thoroughly 
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with 8 gm. of common salt. Fuse the mixture on an iron tray 
(a sand-bath tray or a tin lid). Break the melt into small pieces 
and place them in a stoppered retort. Use a small Wurtz flask as 
receiver but no corks or rubber connections. Just cover the melt 
with concentrated sulphuric acid and distil until no more red fumes 
come over. Cork the Wurtz flask and redistil, using a 12-ihch 
length of tubing as an air condenser. Collect the product in a 
small glass-stoppered (not corked) bottle. 

Ezpt. gp. 12.—Several Striking Reactions 

{a) Place 1-3 c.c. of concentrated nitric acid in a large flask. 
Add a few chips of copper. When the brown fumes approach the 
top of the flask insert a stopper or transfer the flask to the fume 
cupboard. 

(h) Place a solution of mercuric chloride in a tall cylinder and 
add an equivalent quantity of a solution of potassium iodide. 
Brightly coloured mercuric iodide is precipitated. It is advisable 
to use equal volumes of equivalent solutions, since the precipitate 
is soluble in an excess of either reagent. 6*8 gm. of mercuric chloride 
and 8*3 gm. of potassium iodide each in 250 c.c. of water make suit¬ 
able stock solutions. Potassium chromate and either lead or silver 
nitrate form another suitable pair of liquids. 

(c) Mix in a gas jar a heaped teaspoonful of sodium bicarbonate 
with the same quantity of tartaric acid in fine powder. Now add 
water. 

[d) Mix and place on a porcelain tile one part of powdered sugar 
with two parts of potassium chlorate in fine powder. Touch the 
mixture with strong sulphuric acid on the end of a rod. The mass 
inflames. 

The Indestructibility of Matter 

Expt. 13.—Phosphorus burnt in a Sealed Flask (K. Scheele, 1777 ) 

Procure a dry round-bottomed flask and a rubber bung to fit. 
Cut off a small piece of yellow phosphorus (a rice-grain size), dry on 
blotting-paper and drop it in the flask. In summer the drying of 
the phosphorus must be done quickly or it will melt with the heat 
of the fingers—and then ignite. The experiment is better reserved 
for a cold day. Close the flask and weigh it. Hold the hand over the 
stopper and heat the glass near the phosphorus by holding it in a tiny 
flame for a few seconds. As soon as the phosphorus melts (a sign 
that the next instant it will ignite) remove the flask from the flame 
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and hold it at arm's-length away from self and the class. When 
the combustion has finished, and the flask is sufficiently cool, weigh 
it again. 

If desirable a teaspoonful of dry sand may be weighed in the 
flask and the phosphorus dropped into the sand. A flask occasion¬ 
ally bursts, but no harm results if the flask is held at arm’s-length. 
When a flask has been found which withstands the heating it should 
be retained for the experiment. 

As a class experiment my colleague (W. W.) instructs the boys 
to weigh the phosphorus in a small flask {100-200 c.c.) which contains 
a little dry sand. During the heating, the flask is held in the left 
hand, as well as one edge of a duster or dry swab: the duster is 
extended and the opposite edge held in the right hand. As soon 
as the phosphorus melts, the flask is withdrawn from the flame and 
immediately enveloped in the duster. This procedure removes 
apprehension, minimises the danger from the possibility of a flask 
bursting, and allows the combustion to be seen. The percentage 
of such bursts is quite low. 

Ezpt. 14 ,—When a Candle bums there is no Loss of Weight. W. 

French, 1897 

The experiment of burning a candle under a lamp glass, the top 
of which is filled with solid caustic soda, is open to criticism. The 
caustic soda will itself increase in weight by deliquescence to an 
extent dependent upon the time occupied in weighing. The 
method of Perkin and Lean (1896), modified by French, is to be 
preferred. 

A candle is placed inside a sealed flask and lit by a match ignited 
by a hot glass rod. The apparatus is weighed before and after the 
experiment. 

Fit a 500-1000 c.c. flask with a stopper carrying a deflagrating 
spoon and a glass rod. Fix a small piece of candle on the spoon 
and just above the candle attach a match-head with wire so that 
the head nearly touches the wick, or employ the device described 
in Expt. 64. Smear with vaseline that section of the rod which is 
to be moved through the stopper. 

Counterpoise the charged apparatus. Remove the cork, pull 
the rod high above the candle, heat the rod to dull red, insert the 
cork. Push the rod momentarily down until it just touches the 
match and so ignites the candle. Hold the stopper in during 
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the combustion. When the candle ceases to bum, re-weigh the 
apparatus. 

If the flask is first filled with oxygen the effect is enhanced. 
Call attention to the undoubted combustion, the diminished size 
of the candle and the dew on the sides of the flask. 

Expt. 15.—Chemical Action causes no Change in Weight 

Two liquids, whose interaction produces a precipitate, are weighed. 
The liquids are mixed and the system again weighed. 

Ostwald's reaction tube, p. 329, or a special reaction flask—a 
flask with a cup sealed on inside—may be used. A simple form of 
apparatus consists of a flask and a small tube which rests inside the 
flask but cannot fall over. Solutions of lead nitrate and potassium 
chromate, or dilute sulphuric acid and barium chloride, form suitable 
pairs of liquids. Charge the flask with both reagents and weigh 
it; tilt the flask to mix the reagents and note the unchanged weight. 
As many experiments as possible should be done ; it is hardly 
scientific to deduce or give the law from the result of one experiment. 

Solubility 

The conception is familiar from the daily use of salt and sugar. 
The terms must be defined and the interesting phenomena 
illustrated. 

Expt. 16.—Substances have not the same Solubility 

Equal volumes of water are saturated with common salt and 
nitre respectively, first in the cold, then in the hot. 

Have ready, on black or blue paper, two heaps of finely powdered 
salt, one 16 gm. the other 80 gm. Have similar heaps of nitre, 
likewise finely powdered. Place 50 c.c. of cold water in each of 
two corked flasks. Add the salt from the small heap by spoonfuls, 
to one flask, letting a pupil shake the flask vigorously, and waiting 
until the salt has dissolved before adding the second spoonful. 
Meanwhile do the same with the nitre. The water dissolves the 
entire heap of salt but only about f of the nitre. The solubilities 
are as follows:— 

15® 80° 100® 

Salt . . 36 38*4 39*8 

Nitre . . 26 169-0 246-0 

Now remove the corks, stand the flasks on tripods and heat the 
solutions. Proceed as before, and add spoonfuls from the 80'gm. 
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heaps. After the addition of a few spoonfuls the solution of salt 
is saturated ; in striking contrast the hot water dissolves the 
whole of the big heap of nitre. We see that salt is more soluble 
than nitre in the cold but that the position is reversed in the hot. 

This work should be done in conjunction with class work in 
the laboratory, solubilities should be found and solubility curves 
discussed. With most substances solubility increases with rise of 
temperature, with a few it decreases. Several calcium compounds— 
namely, the citrate and acetate—exhibit the latter phenomenon. 

Expt. 17.—Lime is less soluble in Hot Water 

Prepare a cold saturated solution by grinding lime with plenty 
of water in a mortar for several minutes. Filter the solution into 
a flask. On heating the solution turns milky, owing to the precipita¬ 
tion of lime. 0*176 gm. Ca(OH)2 dissolves in 100 c.c. of water at 
10°, 0*128 gm. at 50°, 0*077 at 100°. 

The process of solution is accompanied by a change of volume. 

Expt. 18.—A Solution occupies more Space than the Solvent. F. 

Salt is added to a definite volume of water and the volume of the 
solution noted. Select a 250-c.c. graduated flask with the mark low 
on the stem. Fill it to the mark with water. Have ready 30 gm. of 
powdered salt. Add the salt by spoonfuls and agitate the liquid 
until solution is effected. By this time the liquid has risen con¬ 
siderably above the graduation mark. 

Expt. 19.—A Solution may occupy less Space than the Solvent 

Prepare from glass tubing of about J-inch cross-section a long 
(18-24 inches) tube closed at one end. Add water to the tube to 
within about i inch of the half-way mark. Pour alcohol on the 
water to within i inch of the top of the tube. Mark the level of 
the liquid with a strip of paper. Insert a cork and mix the liquids 
by inverting the tube a few times. On now allowing the liquid 
column to become stationary an appreciable diminution of volume 
will be noticed. 50 volumes of water and 54 volumes of alcohol 
form 100 volumes of solution at room temperature. 

Expt. 20.—Other Solvents than Water 

Place insoluble substances such as sulphur, chalk, zinc, and wax 
in separate test-tubes partially filled with hot water. Stand the 
tubes for the period of the lesson in a large beaker of hot water 
heated by a small flame. Occasionally draw attention to the re- 
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sistance of the substances to the solvent action of water. Meanwhile 
shake wax with benzene, sulphur with carbon disulphide or with 
toluene, chalk with dilute acid, and show that solution is effected. 

Expt. 21.—Distillation 

Fit up an apparatus consisting of a Wurtz flask closed with a 
new bark cork, a Liebig condenser, and a receiver (fig. 2). Do not 
join the Wurtz flask to the condenser with rubber or cork ; instead, 



push the stem of the flask well down into the condenser and dis¬ 
pense with connections. The water will come over tasteless and 
odourless. To a beaker of water add a teaspoonful of common salt 
and some colouring matter, such as potassium permanganate or ink. 
(To reduce complications avoid the addition of a substance which 
distils in steam.) While all see the colour a few may be allowed to 
taste the liquid. Half-fill the Wurtz flask with the solution and 
distil. Again all see the colourless distillate and some may be 
allowed to taste it. 

When the first experiment is well going carry out a similar 
distillation using a retort. Hang a sheet of blotting-paper over 
the stem of the retort, and keep the paper just moist by allowing 
water to drop slowly from a funnel on to it. 

Dxp. gp. 22.—Deliquescence and Efflorescence 

It is difficult to give a complete discourse on deliquescence and 
efflorescence in one lesson. It is preferable to allow the class to 
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do the experiments in the laboratory, or for the teacher to expose 
various substances to the air for a week or so before the lesson, 
when the results are investigated. 

In an appropriate place, where frequent observations may be 
made, expose on clock glasses, or in crystallising dishes, some of the 
follC 5 wing substances: anhydrous calcium chloride, zinc chloride, 
caustic soda or potash, phosphorus pentoxide, chromic anhydride, 
hydrated sodium sulphate, and hydrated sodium carbonate. 

Transfer the product from the calcium chloride dish into a small 
Wurtz flask, distil, and collect the liquid in a test-tube. Show that 
it is water by finding its boiling-point and its action on anhydrous 
copper sulphate. 

Place some anhydrous calcium chloride in a small wide-necked 
flask ; cork it to render air-tight and weigh. Now hang a small 
tube inside containing a weighed amount of hydrated sodium 
sulphate. The tube is hung on a glass hook, made from a piece 
of glass rod, which passes through the cork. The occurrence of 
deliquescence and efflorescence inside the flask is soon obvious. 
After a suitable period show that the total weight is unchanged: 
the calcium chloride has gained a weight exactly equal to that lost 
by the sodium sulphate. 

Expt. 23 .— Sublimation of Ammonium Chloride 

Clamp a boiling tube in an upright position over a Bunsen burner. 
In the tube place less than half a gram of ammonium chloride so 
that on gently heating the salt will completely disappear from the 
bottom of the tube. Some escapes as vapour but much condenses 
on the walls of the tube. Repeat the experiment, first mixing the 
salt with a suitable non-volatile material such as sand—do not 
use basic substances such as ferric oxide, which reacts with the 
ammonium chloride and causes complications. 

The definition of volatilisation and of sublimation, together with 
suitable instances of their application, may now be introduced. 
If time allows, the above experiment may be supplemented by the 
following:— 

Expt. 24 .— Sublimation of Iodine. M. Faraday, 1827 

In a tall spoutless beaker or a beaker-flask of loo-c.c. capacity 
place a small quantity of iodine (a trial will soon reveal the suitable 
amount). Alternatively use Llewellyn's apparatus (see below). 
Close the top of the beaker with a round-bottomed flask filled with 
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cold water. On gently heating the beaker (an Argand burner is 
efficient) violet vapour can be seen filling the beaker. In a little 
while the beaker is seen to be empty and the whole of the iodine is 
condensed as crystals on the flask, provided that a sufficiently small 
amount of iodine has been taken. 

Expt. gp. 25.—Sublimation of Benzoic Acid, Anthracene, and 
Naphthalene 

Place a saltspoonful of benzoic acid in a porcelain basin and 
cover the basin with an inverted funnel fitting inside the basin. 
Heat gently with a nearly luminous flame (benzoic acid melts at 
122° C.) until the funnel is filled with a mass of glistening crystals. 

Anthracene (m.p. =213° C,) may be used in place of benzoic acid. 
It yields white crystals with a beautiful fluorescence, but is a little 
more difficult to sublime. Naphthalene sublimes most readily and 
yields large crystals, but on an open bench the odour is objectionable. 

A Simple Sublimation Apparatus. W. G. Llewellyn, 1908.— 
Clamp a 6-inch test-tube for heating. Cut a 7-inch length of 
glass tubing of a diameter that will fit tightly inside the test-tube 
as a piston in a cylinder. Place about a gram of substance in the 
test-tube and insert the open tube. On warming the test-tube the 
substance volatilises and the sublimate collects on the inner tube. 
Remove the inner tube and pass it round for inspection, or scrape 
off the sublimate for examination. 

This device acts splendidly and may be used in place of the 
apparatus described in Expts. 23 and 24. 

Practical applications of sublimation may be illustrated as 
follows:— 

Expt. 26.—Silver Sand freed from Iron 

Mix red sand such as that from Redhill in Surrey (or sift the sand 
from a rich yellow-brown gravel) with an equal bulk of ammonium 
chloride. Heat the mixture in Llewellyn's apparatus. The 
ammonium chloride removes the iron as iron chloride and leaves 
the sand colourless. The process is used industrially for cleaning 
sand for making glass. The ferric chloride is purified and sold. 

Expt. 27.—Benzoic Acid obtained from Gum Benzoin 

In Llewellyn's apparatus place a gram of crushed gum benzoin 
and heat until white fumes are evolved and a white sublimate 
collects in the inner tube. Remove the tube and pass it round 
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for inspection. It is lined with white crystals. Press a strip of 
moist blue htmus-paper on these. 

The Crystalline State 

Expt. 28 .—The Separation of Crystals from a Solution 

About two or three hours before the lesson dissolve 500 gm. of 
hydrated sodium sulphate in 600 c.c. of water at 30-33°: filter 
while still warm from any insoluble matter or undissolved salt, 
and divide the filtrate between three perfectly clean tall beakers 
or gas jars. Cover, and place in position on the lecture bench 
where they may remain completely undisturbed. In this way 
supercooled solutions are obtained. 

When the class has assembled, and gathered round the bench 
the better able to watch the growth of crystals, gently lift the 
cover from one jar ; this is usually sufficient to cause crystallisation 
to begin, but if ineffective give the jar a g(mtle jolt by tilting it 
for k moment. Add a minute crystal of Glauber's salt to the 
second jar: crystallisation begins at once. The third jar is held 
in reserve because crystallisation in one jar occasionally sets in 
before the lesson begins. The following compounds, readily soluble 
in hot water, all give visibly crystalline precipitates on cooling. 
Thus from a solution of lead iodide, which is five times as soluble 
in boiling as in cold water, yellow leaflets soon appear, which, 
reflecting the light as they fall, make 'golden rain.' 

The solubilities given below provide a guide to the quantities 
which should be taken: 

At Room Temperature At 100° C. 

Lead iodide . . . o*o8 0-43 

Lead chloride . .0*91 3*34 

Silver acetate . . 1*02 3*i 

Benzoic acid ... 0*29 5*9 

Expt, 29 .—Crystallisation from the Molten State 
In a litre flask gently heat a large quantity of sodium thiosulphate 
until fusion is complete (m.p, =56° C.): if necessary filter through 
glass wool into a large litre beaker. Such a liquid if covered and 
left undisturbed will remain molten for days. On inoculation with 
a speck of ' hypo' large well-shaped crystals grow, and often fall 
slowly through the liquid exhibiting their wonderful structure. 
It is easily possible to lift an especially fine one out with the fingers. 
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At the end of the lesson tie a cover over the beaker so that the 
material can be used on a subsequent occasion. 

Note on the Study of Crystals.—^Teachers desirous of extending 
the study of crystallography or of projecting slides of crystals 
should acquaint themselves with A Study of Crystals, by T. V. 
Barker (Murby, 1930). The author, whose early death is to be re¬ 
gretted, was equally eminent as a teacher and as an authority on 
crystallography. It is perhaps not too much to say that he did 
more than any man to improve the school teaching of his subject. 
He gives in his book the best materials to use and the right 
conditions for demonstrations. He describes how by most simple 
means slides of crystals may be made, and with like simplicity how 
they may be projected. He deals with the growth of crystals ; 
with crystallisation from solution and by sublimation, from molten 
liquids, by precipitation and the formation of crystals in gels. 

The Effect of Heat on Substances 

Elements. —The introduction of the conception of an element 
appropriately follows the lessons on chemical and physical changes. 
Various substances, aqua fortis, mercuric oxide, water, popularly and 
particularly known as chemicals, are subjected to high temperature 
and the consequences noted. The products of the decomposition 
are obviously not decomposed by heat, and along this line of 
argument one brings in the conception of an element. This section 
of the subject lends itself well to historical treatment and the young 
teacher is advised to re-read some of the following :— 

The Life of Priestley, by T. E. Thorpe. 1902. 

Joseph Priestley, by R. M. Cavan. 1933. 

The Life of Lavoisier, by J. A. Cochrane. 1931. 

Antoine Lavoisier, by D. McKie. 1935. 

The Discovery of Oxygen. Alembic Club Reprints, Nos. 7 and 8. 

Collected Pafers of Carl Wilhelm Scheele, translated by L. Dobbin. 

1931. 

If the lesson is given on a sunny day it is advisable to use the 
biggest lens available to show the power of the rays of sunlight. 

Expt. 30. — Themal Decomposition of Mercuric Oxide (J. 

Priestley, 1774) 

The name of the substance may well be omitted until the end of 
the experiment. Place about 6 gm. of the oxide in a hard-glass 
tube fitted with a cork and delivery tube. Clamp it at a suitable 
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height over a Bunsen burner and arrange for the collection over 
water of the oxygen (fig. 3). 

Heat gently at first, finally as strongly as possible, so that practi¬ 
cally only mercury is left in the tube. Remember i gm. of oxide 
yields less than 50 c.c. of oxygen. The class note that the gas 
cannot be expanded air owing to its large volume, or the gaseous 
form of mercuric oxide, which would have re-formed the red powder 



Fig. 3. 


on cooling. The gas causes a glowing splint to burst into flame 
and has properties entirely different from the original substance. 
The liquid metal in the tube is easily recognised as mercury. The 
red powder is therefore not a single substance. The terms element, 
compound, and oxide are introduced. 

Expt. 31 .—The Decomposition of Aqua Fortis (Nitric Acid). E. 

Frankland, 1872 

The churchwarden pipe is fitted up as shown in fig. 4, with the 
mouthpiece just dipping under water. It is always advisable first 
to blow strongly through the pipe to make sure the stem is not 
entirely blocked up, otherwise the hot acid will spit out of the bowl. 
If the pipe has been used before in a similar experiment the clay 
becomes hygroscopic, and should be washed, and then thoroughly 
heated in an oven until perfectly dry. The end of the stem must 
be only just (^ inch) under the water or the pressure will be 
sufficiently great to prevent gas passing through the water. Make 
an inch or two of the stem red-hot, using two Bunsens, or one with 
a flame spreader. Now drop Concentrated nitric acid into the 
bowl from a tap funnel or by means of a pipette. Let a helper 
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collect the oxygen by holding an inverted test-tube full of water 
just over the end of the stem. Collect a tube of the gas and show 
that it is oxygen. 

Remove the trough of water and slip the neck of a large dry flask 
over the mouthpiece of the pipe. Run a few more drops of acid 
through the heated pipe : brown fumes appear in the flask. 



Fig, 4. —Thermal decomposition of Nitric Acid. 


The Investigation of Preparation Reactions. —When introducing a 
stock method for the preparation of a substance it is often difficult 
to decide whether to be content to give a recipe for the preparation 
or in addition to try to investigate the chemistry of the process. 
Despite much research and much controversy the mechanism of 
the reactions used in familiar preparations, such as that of nitric 
oxide by the interaction of copper and dilute nitric acid, are not 
fully known. Accordingly, any dogmatic exposition of the mechan¬ 
ism is both unscientific and uneducational. Some investigations 
are highly instructive and worth the attention given to them: 

3 
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especially is this so when they are instigated by the curiosity or 
questionings of the pupils. The mechanism of the lead chamber 
process, Deacon's method of preparing chlorine, and the action 
of sulphuric acid on potassium bromide may be cited. In this 
book several preparation-reactions are investigated, but this does 
not imply the expediency of taking them. In a lesson period of 
forty-five minutes and with a young class there is little time to study 
the mechanism of the catalytic decomposition of potassium chlorate 
if one wishes to prepare oxygen and illustrate its properties. With 
a class of adolescents the preparation of oxygen could be used as 
an introduction to the study of catalysis and linked up with 
experiments carried out by the class in the laboratory. 

Expt. 32.—The Catalytic Action of Manganese Dioxide 

The reaction was discovered by J. W. Dobereiner in 1832. 

Half-fill four test-tubes (5 x | in.) severally with (a) potassium 
chlorate ; {h) a mixture of 3 parts of potassium chlorate and i 
part of manganese dioxide ; (c) a mixture of 3 parts of potassium 
chlorate and i part of ferric oxide; {d) manganese dioxide. 

Bury the tubes in a bath of nails (see p. 548) to such a depth that 
the top of the contents of each tube is still visible to the class. 
A 300° C. thermometer may be placed in the nails, but take 
care to withdraw it before heating the bath to the decomposition 
temperature of potassium chlorate. Heat the bath on a gas ring. 
Soon (that is, at 200° C.) vigorous effervescence appears in tubes 
(b) and (c). Insert a glowing splint into the mouth of each tube. 
Remove the thermometer and raise the temperature of the bath. 
Eventually (at 340-400° C.) potassium chlorate begins to evolve 
oxygen. At this temperature the manganese dioxide is unchanged. 

If a high-temperature bath is not available proceed as follows. 
Heat potassium chlorate in a hard-glass test-tube until the salt 
fuses (m.p. = 359° C.), and show that at a slightly higher temperature 
(370-400°) a slow and feeble evolution of oxygen occurs, by in¬ 
serting a glowing splint in the mouth of the tube. (Oxygen was 
obtained in this way by C. L. Berthollet in 1785.) 

Repeat with a fresh tube, but as soon as the salt has fused add 
a pinch of manganese dioxide, when a brisk evolution of oxygen 
occurs. Actually the mixture begins to evolve oxygen at 200°. In 
other tubes use the oxides of copper, iron, cobalt, or nickel as 
catalysts. 
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Expt. 33 .— Preparation of Oxygen from Potassium Chlorate (J. W. 

Dr)BEREINER, 1832) 

A mixture of potassium chlorate and manganese dioxide is gently 
heated. The manganese dioxide should be dried before being used. 
Place a quantity in an evaporating basin and heat for minutes 
with an almost luminous Bunsen flame. Also, it is always advisable 
to heat a small quantity of the manganese-chlorate mixture in a test- 
tube to see if deflagration ensues. Accidents have occurred through 
carbon being wrongly labelled or being present as an impurity in 
the manganese dioxide. For the experiment proper, mix a heaped 
teaspoonful of powdered potassium chlorate with about a quarter 
of its bulk of manganese dioxide. Place the mixture in a hard- 
glass tube (fig. 3), a flask, or a retort. A wide delivery tube must be 
used, since the gas comes off with a great rush. A retort is therefore 
to be preferred. A piece of Bunsen tubing joined directly to the 
end of the retort makes a wide and convenient delivery tube. 
Arrange the retort for heating and connect it with a large pneumatic 
trough. The required jars, flasks, and cylinders should be at hand, 
already filled with water. Also all the gas required should be 
collected before any of its reactions are investigated. Heat the 
retort with an almost luminous flame and lower the flame as soon 
as the evolution of gas begins. Leave a i-inch depth of water in 
three of the jars and reserve these for the experiments on magnesium 
and sodium and iron. 

Note on the Collection of Gas for Lecture Experiments.—It has 

always been customary to collect gases in glass gas jars closed with 
ground-glass covers. The writer has for years used gas jars as 
seldom as possible and employed flasks and stoppered cylinders 
instead. Gas jars are necessary when one requires to place a jar 
of one gas in contact with a jar of another ; also they are well 
suited for experiments with a deflagrating spoon, but flasks with a 
sufficiently wide neck are even more suitable. 

Where it is desired to shake up a gas with a solvent a corked flask 
or stoppered cylinder (fig. 69) is much more convenient to use than 
a jar. Moreover, such vessels are air-tight and any gas over may 
be stored until the next lesson. 

Expt. gp. 34 .— Properties of Oxygen 

The first gas jar should be discarded, since it will consist mostly 
of air driven but of the apparatus. 
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(a) A Glowing Splint ignited 

Obtain a glowing splint and allow the glow to die down until it 
is very small. Now plunge the splint into a jar of oxygen, when 
it will burst into flame with a small audible pop, 

(b) Reaction with Charcoal 

Arrange the cover of a deflagrating spoon so that when in position 
the bowl of the spoon will be about half-way down the jar. Place 
a piece of wood charcoal, the size of a bean, in the spoon, and heat 
one corner of the charcoal in a flame until a small glow appears ; 
now plunge the spoon into a jar of gas. When the action is finished 
add water and shake up the contents of the jar. To some of this 
solution add litmus or other suitable sensitive dye such as bromphenol 
blue or laemoid. 

Pour some more of the solution into lime water, which is turned 
milky. Lime water added to a jar of the oxygen produces no 
milkiness (see caution, p. 115). 

(c) Reaction with Sulphur 

Heap the bowl of a deflagrating spoon with sulphur and heat in 
a flame until the sulphur boils and burns vigorously with a flame 
an inch or two high ; then plunge the spoon into a jar of oxygen, 
when a spectacular combustion is seen. The product should be 
shaken with water and treated with litmus. 

(d) Synthesis of Phosphorus Oxide 

A most brilliant effect is obtained if this experiment is done in 
a large flask with a neck sufficiently wide to take the deflagrating 
spoon. Do not use too small a piece of phosphorus. Cut under 
water a piece as large as half a haricot bean, dab it dry with absorb¬ 
ent paper and place it in a cold dry spoon. Ignite the phosphorus 
by touching it with a warm glass rod or wire and lower the spoon 
into the flask. The initial brilliant yellow glow becomes more 
intense, as if the entire flask were about to melt. If on removing 
the spoon the phosphorus re-ignites let it burn away in the fume 
cupboard. Shake the contents of the flask with water and treat 
the solution with litmus. 

(e) S 3 mthesis of Magnesium Oxide 

The flask or jar in which this metal is burnt should have a layer 
of water in it, otherwise the hot particles may crack the glass. 
Straighten a piece of magnesium ribbon (or make a strand by twining 
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together two or three pieces of ribbon) and hold it with crucible 
tongs. Ignite the magnesium, then calmly lower it into the middle 
of a jar. Allow the ash to fall into the water and add some litmus 
solution. If the litmus (which should be neutral in tint) is not too 
acidic it will be turned blue. 

(f) Iron bums in Oxygen 

Hold with tongs a bundle of thin iron wire (flower wire) in a 
flame until the ends of the strands are red-hot. Forthwith plunge 
the wire into a jar of oxygen. The wire glows vigorously and throws 
off sparks. Show that the ends of the uiiburnt wire have been 
fused, indicating the temperature attained by the chemical action. 

(g) Synthesis of Sodium Oxide 

This experiment should be attempted because of its theoretical 
importance, but it often ruins the bowl of the deflagrating spoon. 
If the bowl of the spoon is of thin brass, merely soldered on, the heat 
of the action will frequently fuse the solder or brass and the bowl 
will fall off. Be prepared for this. Select a spoon with a strong 
cup. K. H. Hagopian (1934) uses a cup of stainless steel, it works 
excellently. 

Cut a I-inch cube of sodium, remove the petrol with adsorbent 
paper, and place the sodium in a spoon. Hold a corner of the 
sodium in a flame and endeavour to heat the sodium and not the 
spoon. As soon as the sodium ignites plunge the spoon into a jar of 
oxygen. As before, treat the product with water and add litmus. 

Sodium. —Sodium comes on the market in cylindrical lumps 
sealed in tins. Open the tin and transfer the lump of sodium to 
a wide-mouthed bottle. Pour sufficient kerosene (or other hydro¬ 
carbon less dense than sodium) into the bottle to cover the sodium. 
E. B. Wilson, J.C.E., 1933, 10 , 395, prefers to keep sodium 
{d 0*97) under toluene {d o*88). He states that toluene absorbs 
water less readily than kerosene, consequently sodium tarnishes in 
toluene less readily than in kerosene. Do not put back useless 
trimmings and chips of sodium into the stock bottle. Drop them 
into a basin containing 3 volumes of methylated spirit and i volume 
of water. The sodium rapidly and safely dissolves and the liquid 
may be thrown away or stored for use. 

Expt. 35 .— Oxygen absorbed by Alkaline Pyrogallol, F. 

Fill a burette with water, invert it over water, and pass oxygen 
in until the burette is three parts full. Using a burette cup 
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introduce caustic potash and pyrogallol by the method outlined in 
Expt. 75. Agitate the burette for 5 minutes, then open it under 
water. The water should rise and completely fill the tube. 

Water decomposed by Hot Iron (A. L. Lavoisier, 1784).—This 
experiment may be introduced as an attempt to see if water is an 
element. Heat, the agency for effecting decomposition, is to be 
tried ; but water cannot be directly heated above 100°, so the 
device is employed of jiassing steam over a material made red-hot. 
Iron is suggested as something familiar which withstands a red heat. 

The experiment as given below has developed directly from the 
original of Lavoisier and Meusnier (1784), who used a gun-barrel 
heated in a charcoal furnace- Faraday (1827) ^or his demon¬ 
strations used an iron tube heated in a large table furnace. A 
16-inch length of |-inch gas piping provides a suitable tube, but 
for instructional purposes a silica tube packed with boot brads is 
better, inasmuch as the whole of the reacting iron can be easily 
weighed before and after the experiment- 

' If the furnace and tube are available it is just as well to use them 
for the sake of the historical appeal. The decomposition may be 
effected, however, with much simpler apparatus. It is now well 
known that iron powder will decompose steam at 250^ C., indexed, 
iron, reduced from its compounds between 400-500'’, pyrophoric iron, 
is stated to reduce water perceptibly at 10° and quite appreciably 
between 50-60°. 

Expt. 36.—Steam decomposed by Hot Iron 

Using an iron or silica tube and a table furnace. 

The most convenient table furnace for the lecture bench is a 
6-inch section of Fletcher’s combustion furnace- fig. 5 shows two 
sections. Use a 12-inch length of silica tubing, or rG-i8 inch length 
of ordinary |-inch gas-piping. Place the tube in the (cold) furnace 
and join one end to a flask for generating steam and the other to a 
pneumatic trough for collecting the hydrogen, as in fig. 6. Half-fill 
the silica tube with bright nails—|-inch boot brads are suitable. 
Tip out the nails into a basin, weigh, and replace them in the tube. 
Warm up the furnace for 5-10 minutes and then pass the steam over 
—the flask of water having been meanwhile made hot. A gas is soon 
collected, and the first jar may be considered as air and discarded. 
The gas next collected bums with a blue flame, and apparently 
comes from the water, for heated iron by common observation does 
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not give off a gas. To investigate the mystery the apparatus is 
allowed to cool rapidly—the silica tube permits of this—and the 
iron nails are turned out as soon as possible. They are of the 


colour of oxidised iron, gun- 
metal, and show a decided 
increase in weight. Since the 
silica tube is unchanged, the 
iron has obviously taken 
matter from the water, and 
since water cannot be split 
up into one substance only 
the gas collected is another 
component of water. The 
name and derivation of hy¬ 
drogen are now given ; also 



Fig. 5.— Fletcher Tube Furnace. 


the historical matter, Lavoisier's research, the red-hot gun-barrel, etc. 


Reduced Iron.—This useful reagent, being superior in cictivity 
and requiring no cleaning, is to be preferred to the filings. It can 



Fig. 6.—Steam decomposed by Hot Iron. 


be purchased, but a stock quantity is easily prepared by the reduc¬ 
tion of ferrous oxalate with coal gas. The iron salt must be reduced 
at low temperature, 450-600"’ C., and this means prolonged heating, 
but the action may be allowed to go on for hours with but little 
attention. Pack a long combustion tube with ferrous oxalate, 
pile the substance almost the height of the bore of the tube—the 
bulk shrinks considerably—but have a free space at each end. 

Attach one end to the coal-gas supply and arrange a small jet 



















40 


A STUDY OF WATER AND AIR 


of glass or pipe-clay at the other. Sweep out the air with coal gas, 
then light a small flame at the jet. Heat the section of the tube 
nearest the gas supply with a nearly luminous flame, and when, 
after half an hour or so, the yellow oxalate has been reduced to 
a small dull black residue move the flame farther along. Rotate 
the tube occasionally to tumble the powder about. Aim at a 
temperature of 500-600° C. When the temperature used is 450- 
500° the product is pyrophoric, therefore at its highest activity, but 
unfortunately it cannot be stored. Cool the product in coal gas, 
any pyrophoric iron among the powder then seems to lose its 
activity. 

Store in a well-stoppered bottle. 

Expt. 37.—Steam reduced by Iron Powder (Reduced Iron) 

In a combustion tube of soft glass, 8-12 inches long and 
inch in cross-section, place several grams of reduced iron. Connect 
the tube between a flask for generating steam and a pneumatic 
trough. Clamp the tube so that it slopes down from the steam 
supply. The water in the steam preparation flask should boil only 
gently. Place an almost luminous Bunsen flame at the end of 
the tube where the steam enters so that no steam condenses. With 
a second Bunsen warm the iron with an almost luminous flame. 
Hydrogen is immediately evolved, and if the flow of steam is not 
too fast the iron will glow although the combustion tube is not 
even dull red. 

The Decomposition of Water by Metals 

Since iron decomposes water the action of other metals on water 
suggests itself for investigation. 

The Decomposition of Water by Sodium (H. Davy, 1810).— 
There is always the possibility of a small explosion when sodium 
or potassium is used, in fair quantity, to decompose water. 
Accordingly, it is not advisable to perform spectacular experiments 
by throwing pieces of sodium or potassium in a haphazard way 
into an open trough of water. Although this may be done many a 
time with impunity, more than one explosion in a schoolroom has 
been recorded, shattering the trough and causing personal injury 
needing hospital treatment (see J. G. F. Druce, S.S.R., 1926, 7 , 261). 
The more violently reacting potassium should be used with special 
caution: its behaviour is^ unreliable, possibly due to the varying 
degree of purity of the commercial article. 



DECOMPOSITION OF WATER 


41 


The imperfect technique of this experiment gives scope for 
original investigation, for there is no generally accepted procedure. 
The writer has met many a teacher who has assured him that such- 
and-such a method never went wrong in his hands. Albeit, such 
a distinguished chemist as Frankland has placed it on record that 
he disliked the ‘ net method ' because of the liability of an explosion, 
and the illustrious Hofmann discarded both the * net method' and 
the lead-tube method of Frankland for the same reason. My own 
experience leads me to believe that the behaviour of sodium is 
capricious, possibly due to the presence of an impurity. The lead- 
tube method, time after time, has worked smoothly; yet on a few 
occasions, for some inexplicable cause, the trough has been shattered. 
The following are the best-accredited methods of procedure:— 

Expt. 38.—Water decomposed by Sodium 

Sodium, contained in a box of metal gauze, is submerged under 
a jar of water. Have ready a gas jar tilled with water, clamped 
over a trough of water ; omit the beehive shelf. Procure a sheet of 
copper gauze about 4 inches square. Cut a piece of sodium, about 
J-inch cube, from the interior of a large piece and remove the petrol 
by pressing the sodium between blotting-paper. Now wrap the 
sodium in the gauze, as one would do up a parcel, but let the box 
so formed be a i-inch cube so that the sodium may have room to 
move about. 

Grasp the box with crucible tongs, plunge it under the water and 
place it in position under the jar. When the action has finished, 
open the box and show that it is empty ; the other constituent of 
water must therefore be in the solution. Show that the gas in the 
jar is hydrogen. It is not necessary to prepare a jarful of hydrogen, 
what is needed is sufficient to show the gas is combustible. 

Expt. 39 . — Water decomposed by Sodium. E. Frankland, 1872 

A lead tube filled with sodium is submerged under a jar of water. 

Obtain a piece of ' compo ' tubing about i inch long and close 
one end by tapping it lightly with a hammer. Cut off a piece of 
sodium as large as a bean, dry it, and then roll it firmly between 
blotting-paper until it will fit the tube. Force it well in with the 
uncut end of a pencil. Hold the tube with tongs and place it under 
the gas jar in the pneumatic trough. 

W, A. Miller (1852) wrapped the sodium in blotting-paper and 
then held it in tongs under the gas jar. 
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A. W. Hofmann (1883), disliking all the above methods, picked 
the sodium up on the end of a packing-needle and foithwith plunged 
it in the water under the gas jar. 

A perfectly safe method, well suited for a class experiment, is 
as follows:— 

Expt. 40.—Hydrogen obtained from Water. F. G. Benedict, 1901 

Clamp vertically a length (6-8 inches) of glass tubing (Uinch bore) 
with an end dipping about i inch under water. In fixing the tube 
—which should be dry—avoid wetting the part not in the water. 
Cut and free from oil a lump of sodium, then stand it on a tile or 
on blotting-paper. From this lump cut pieces the size of a rice 
grain and drop them one by one into the tube. In less than a 
minute the hydrogen issuing from the mouth of the tube may be 
ignited with a taper. Test the water in the jar with litmus. 

Expt. 41.—Water is decomposed by Sodium Amalgam 

The sodium is used in the form of sodium amalgam. Place about 
5 c.c. of dry mercury in a mortar. Cut a piece of sodium about 
I cm. cube from the middle of a large piece, free it from petrol, 
and stand it on a tile. From this lump cut a piece not as large as 
a green pea, drop it on the mercury and crush it under the mercury 
with a pestle. The sodium reacts with the mercury with a slight 
hiss : listen for this sign and if necessary press the sodium with the 
pestle to facilitate chemical action. The next piece reacts more 
quickly as the product is now warm ; the remainder of the sodium 
is added in small portions in the same way. 

N.B .—The amalgam will solidify when cold if it contains 4 
per cent, of sodium, i gm. of sodium will release about 500 c.c. 
of hydrogen. Pour the amalgam while still warm into a small 
flask fitted with a one-holcd cork and delivery tube. Completely 
fill the flask and delivery lube with water. This can be done 
easily by immersing flask and delivery tube in a deep sink or tank 
of water ; if such is not available suck the delivery tube full of 
water, close the end with a finger, and insert the cork into the flask 
previously filled with water. Fix the flask for heating as shown in 
fig. 26. Heat it; collect and identify the hydrogen. 

Expt. 42.—Water decomposed by Calcium 

Calcium comes into the market in the form of rough cylinders 
about 2 inches in diameter, sections of the cathode of the prepara¬ 
tion cell. It may be purchased in the form of drillings, but it is 
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more instructive to show the rough piece of cathode, to clean a 
surface and exhibit the stecl-like colour of the pure metal. Keep 
the calcium in light paraffin. Cut off pieces, |--|”inch cube, as 
required, with a hack-saw. 

Place a |-inch cube of calcium under a jar of water in a pneumatic 
trough. Hydrogen is at first briskly evolved but the action slackens 
as the metal becomes coated with lime. In a minute or so sufficient 
gas is available for examination. Add an indicator to the water. 

Water decomposed by Magnesium.—Magnesium decomposes even 
cold water, a behaviour which is to be expected since magnesium 
stands above iron in the electro-potential series. However, the 
action is slow, owing to the magnesium oxide forming a strongly 
adhering protective coating. Nevertheless, the action on cold 
water may be done as a * marathon * and on hot water as a lecture 
experiment. If ammonium chloride is added 
to the water to dissolve the magnesium oxide, 
hydrogen may be obtained rapidly and in 
quantity. But this addition introduces a com¬ 
plication which it were as well to avoid with a 
young class. 

Expt. 43.—Decomposition of Cold Water 

by Magnesium (E. G. Bkyant, 1899). 

W. Littlek, 1931 

Place 1-2 gm. of magnesium powder under 
an inverted funnel standing in a large beaker 
of water. Invert a test-tube of water over tlie 
funnel as shown in fig. 7. Bubbles of hydrogen 
appear in a few minutes, but the rate of evolution 
(which varies with different specimens of mag¬ 
nesium) soon slackens. Usually 6-10 c.c. may 
be collected in the lesson period. Magnesium ribbon cut into 
small pieces may be used, but its action is slow. In an experiment 
of my own, using i gm. of cut-up ribbon, 6-5 c.c, of hydrogen were 
collected in 24 hours. 

Note.—The hydrogen obtained in the above experiment is un¬ 
doubtedly due to the interaction of the magnesium and water and 
not to the adventitious presence of carbonic acid. The problem 
was carefully studied by E. G. Bryant (1899), who worked with 
boiled-out water and introduced the magnesium in such a way that 
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no carbon dioxide could enter. Bryant found that the action 
ceased when sufficient magnesium oxide had formed to saturate 
the water and also coat the metal. To a certain extent, therefore, 
the volume of hydrogen obtained depends upon the volume of 
water taken. 

A. W. Knapp showed in 1912 that the decomposition of water 
by magnesium may be catalys(‘d by palladium, added as palladium 
chloride. The evolution of hydrogen is brisk and the water is 
raised to its boiling-point by the heat of the action. 

Expt. 44 .—Decomposition of Hot Water 

(a) By Magnesium. F. 

Make magnesium ribbon silvery bright with emery-paper, then 
cram as much as will go into the bulb of a small (50-100 c.c.) flask. 
Add a cork and delivery tube and connect the flask to a pneumatic 
trough. Fill the flask and suck the delivery tube full of water and 
insert the cork. Alternatively, immerse the apparatus in a deep 
bath or sink of water, tilt the apparatus to expel all air and insert 
the cork. Dry the outside of the flask and fix it up for heating. 
Heat to boiling-point and collect the evolved gas in a test-tube. 
In less than 5 minutes 20-30 c.c. of pure hydrogen will be collected. 
When the flask is cool take out a few strands of the magnesium, 
now quite dull and grey, and exhibit them side by side with a 
silvery piece. 

(b) Using Magnesium and Ammonium Chloride. F. 

Repeat the above experiment and at the end of 5 minutes—that 
is, when evolution of gas seems to have ceased—cool the flask and 
add a few grams of solid ammonium chloride. Warm the solution 
gently: hydrogen is evolved in quantity. 

SIvcral methods, spectacular and easy of performance, are avail¬ 
able for decomposing steam with magnesium. 

Expt. 45 .—Decomposition of Steam by Magnesium. F. Kessler, 
1869 

Burning magnesium is plunged into a flask of steam, the liberated 
hydrogen burns at the mouth of the flask and magnesium oxide 
falls into the water. 

Select a flask, capacity 300-500 c.c., with a short wide neck. A 
conical flask with a i-inch neck is quite suitable. Cut a strip of 
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asbestos-paper 4-5 inches long and i inch wide, roll it into a hollow 
cylinder and place it inside the neck of the flask so that about J inch 
protrudes above the neck. The pressure of the coiled roll easily 
holds it in position. 

The hydrogen burns from this asbestos ' jet ' and a possible 
cracking of the wet flask is avoided. Put water to a depth of f inch 
into the flask and boil it briskly for 5 minutes to expel air. 
Straighten some magnesium ribbon and plait three pieces as tightly 
as possible to make a strand about 8 inches long. (Thick wire if 
available is to be preferred, it remains straight and rigid. Fasten 
a small length of ribbon to the wire to act as a fuse.) Grasp the 
magnesium with tongs and hold it vertically above the flask with 
its free end just above the asbestos collar. (If this is not done, 
the experimenter, blinded by the glare, is apt to push the burning 
metal on to the side of the flask—invariably causing it to shatter.) 
With the left hand (or with the help of an assistant) ignite the 
magnesium with a Bunsen flame and lower the burning metal into 
the steam. The hydrogen flame leaps 2-3 inches into the air, and, 
tinged yellow by the glass, is easily distinguished from the dazzling 
white magnesium flame. Allow the ‘ ash ' to fall into the water. 
Magnesium oxide made in this way is appreciably soluble. Dip a 
strip of red litmus-paper into the liquid. The paper turns blue. 

Expt. 46 .—Steam decomposed by Magnesium. A. W. Hofmann, 1882 

Magnesium wire or ribbon suspended from a cork is ignited and 
plunged into a flask of steam. The hydrogen evolved is collected. 

Close a 500-c.c. flask with an easily fitting one-holed rubber 
stopper carrying a small elbow tube of wide bore—to take Bunsen 
rubber tubing. Connect the elbow to a delivery tube by means of 
a 2-foot length of flexible rubber tubing. The rubber gives freedom 
of movement and the wide bore accommodates the rush of gas 
which might otherwise burst the flask. Fit up the flask for heating, 
clamp it securely—the clamp is not shown in the figure—and connect 
it to a pneumatic trough (fig. 8). Take a length of magnesium 
wire of the thickness of the lead of a pencil, failing this make a 
plait of magnesium ribbon. Attach the plait by means of copper 
wire to the interior end of the elbow tube. Boil the water for 
5 minutes to expel air. Hold the plait almost perpendicularly over 
the flask and ignite the magnesium. Quickly and calmly lower the 
burning metal and insert the cork while a helper keeps the delivery 
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tube in position. Examine the collected gas and test the water in 
the flask with litmus. 



Fig. 8.—Steam decomposed by Magnesium. (Hofmann.) 


For a neat modification of Hofmann's method sec W. Miller, 
S.S.R., 1934, 15 , 524. 

Expt. 47 .—Steam decomposed by Magnesium, H. Leffmann, 1880; 
modified by G. T. Moody, 1891 

Steam is passed over a definite quantity of magnesium and the 
weight of the oxide formed is found. 

For instructional purposes this method is superior to those already 
given, for it demonstrates that the magnesium combines with a 
constituent of water. 

Bend a hard-glass tube 25 x i cm. at an angle of 120° so that one 
arm is about twice as long as the other. Pass the short arm through 
the cork of a flask (or tin can) supplying steam, and by means of a 
cork and delivery tube connect the other end to a pneumatic trough 
(fig. 9). I gm. of magnesium will liberate 1000 c.c. of hydrogen, 
so that 0*3 gm. of metal is a sufficient amount to take. Coil about 
this quantity of magnesium ribbon into a spiral, place it in the end 
of the tube far from the supply of steam, detach and weigh the 
loaded tube, then place it again in position. 

Have the steam flask almost boiling; meanwhile warm up the 
combustion tube, using two Bunsens with almost luminous flames. 
When the combustion tube is well above xoo° C. arrange for a 
slow current of steam to pass. A mistake commonly made is that 
of having too strong a current of steam: the steam should issue 
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quite slowly into the combustion tube, a fracture of the tube is 
then of infrequent occurrence. When the steam has expelled the 
air from the combustion tube, place a gas jar of water over the 
delivery tube. Heat the tube strongly until the magnesium ignites, 
and carry on until the action has finished. Cool the tube gradually 



and have something ready— e.g. a sand tray—to catch the tube 
should it crack. Investigate the gas. Weigh the tube when it is 
sufficiently cool. Since the magnesium has gained in weight the 
hydrogen can have come only from the water. The white product 
must be a compound of magnesium and something—not hydrogen 
—in the water. For yet other methods see M. Rosenfeld, R., 1882, 
15 , 160. 

Note on the Electro-potential Series.—The rate and avidity with 
which metals decompose water is a measure of their affinity for 
oxygen and provides a means of arranging the metals in the order 
of their chemical activity. Thus potassium decomposes water 
with such an outpouring of energy that the hydrogen is inflamed, 
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the action of sodium falls just short of this ; while calcium de¬ 
composes cold water briskly, the ordinary form of magnesium acts 
slowly. Magnesium decomposes steam with incandescence, while 
the action of iron is not sufficiently vigorous to do this. Copper 
has no action on steam at ordinary high temperatures. The order 
of activity here revealed, actually the order of the electro-potential 
series, will be found to hold for many other reactions, an observation 
equally valuable for relieving the memory and predicting chemical 
behaviour. 

Expt. 48 .—The Preparation of Hydrogen 

Hydrogen is prepared by the action of a metal on a dilute acid. 
Obtain a flask (500-700 c.c.) fitted with a two-holed rubber stopper 



(or use a Woulfe’s bottle *) carrying a thistle funnel and delivery 
tube. Fix it up in connection with a pneumatic trough as in 
fig. 10. Remove the cork and, holding the flask almost horizont¬ 
ally, slide in sufficient pieces of granulated zinc to form a layer 
about I inch deep. Replace the cork and adjust the thistle 
funnel so that it reaches nearly to the bottom of the flask. Each 
stage of the manipulation should be explained to a young class. 
In a beaker place 4 volumes of water and add i volume of concen¬ 
trated sulphuric acid: call attention to the heat evolved and point 
out the wisdom of the order of mixing. (Concentrated hydro¬ 
chloric acid diluted with its own volume of water may also be 
used. This mixture evolves little heat; nevertheless, for habitus 
sake, the acid should be added* to the water and not the converse.) 

♦ Introduced in 1784 by Peter Woulfe, an Englishman. The name is not 
infrequently mis-spelt. 
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Add the acid as required and collect the gas in jars. Purchases of 
granulated zinc vary considerably in purity : the purer the specimen 
the slower the evolution of hydrogen. Should the action be too 
slow accelerate it by the addition of a few c.c. of copper sulphate 
solution. 


The Preparation of Hydrogen in Quantity 

For lecture use, an apparatus capable of giving a greater supply 
of hydrogen than that yielded by an ordinary preparation flask 
should be available. 

A cylinder of compressed gas is a great convenience. The 
cylinders supplied by the British Oxygen Company contain 99*9 
per cent, of hydrogen. 

Where a cylinder is not available a preparation apparatus should 
be assembled and kept as part of the lecture-room equipment. 
A few useful designs of such apparatus will be given below. 

Kipp’s Apparatus. P. J. Kipp, 1808-1864.—Of recent years the 
Kipp has fallen into a certain amount of disfavour ; it is even 
reputed to be dangerous. Nevertheless, it still provides a most 
convenient method of obtaining a steady stream of gas, but like 
other pieces of apparatus it requires to be understood and used 
properly. 

The Kipp consists of a tapering reservoir A (fig. ii) and the lower 
container B; A fits tightly into B at the ground-glass joint C, 
which should be kept well lubricated. The upper bulb of the 
container is filled, through the stop-cock opening D, with zinc, 
either granulated or in the form of rods. It is well to have a layer 
of broken glass or porcelain above the neck E, otherwise small 
detached pieces of zinc fall into the lower chamber and cause the 
evolution of gas when the apparatus is not in use. Dilute hydro¬ 
chloric acid (i volume of concentrated acid to r volume of water) 
is poured into A : it rises into B and hydrogen is produced. The 
pressure of the gas causes the acid to rise into the reservoir A and 
stops the action. Sufficient acid should be added so that when B 
is filled with gas A should be almost filled with acid. On opening 
the tap F a stream of the gas is obtained. The writer knows of 
only one serious accident resulting from the use of a Kipp. A 
supply of hydrogen was required for an experiment early in term. 
The laboratory assistant fitted up the required apparatus, using a 
Kipp which had been left unused all the vacation. He turned on 
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the gas and lit the hydrogen immediately. There was an explosion, 
and he was seriously and permanently injured. Apparently 
diffusion had taken place through a leaky stopper, or through the 
rubber cork, and the chamber B contained a detonating mixture. 



Fig. II. — Kipp’s Apparatus. Fig. 12.— Improvised Kipp. 

(Southerden.) 

Before using the Kipp always open the stop-cock and let the acid 
rise as high as it will in B, to remove the gas there as completely 
as possible. If B is twice swept out in this way an explosive 
mixture cannot form. Nevertheless, it is advisable to have a wash- 
bottle between the Kipp and the rest of the apparatus, so that 
any flame from the apparatus cannot reach the gas in the Kipp. 

A Home-made Kipp. F. Southerden, 1904; R. O. Fernandez, 
1917.—If a Kipp is not available one may be quite easily improvised 
from ordinary laboratory apparatus. Southerden uses a lime- 
tower, and the admirable simplicity of his apparatus—which needs 
no description—is seen in fig. 12. The improvised Kipp designed 
by Fernandez is depicted in fig. 13. A and C are pear-shape-d 
reservoirs, B an ordinary aspirator-bottle. Fernandez has added 
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the wash-bottle D. His apparatus is compact and easy to con¬ 
struct; it is held on one large retort-stand; is as portable as an 
ordinary Kipp but more easy to clean, and is an excellent example 
of apparatus built from oddments which accumulate in a laboratory. 



Several assemblies of flasks working 
on the principle of the Kipp have been 
designed for the preparation of hydrogen 
sulphide : these serve quite well also for 
the preparation of hydrogen or carbon 
dioxide. They are as easy to make as 
they are inexpensive. 

Fig. 14 depicts Deville's apparatus, 
easy to make and use, but not so effective 
as the design of Ostwald. 



Fig. 13.—Improvised Kipp. Fig. 14. — Gas-preparation Apparatus. 

(Fernandez.) (Deville.) 


Ostwald’s Apparatus. Wm. Ostwald, 1900.—Fig. 15 I can 
highly recommend ; its action is superior to that of a Kipp, as the 
unused acid is not diluted with the spent liquor. The tap D is 
regulated so that acid falls by drops into the lowest bottle C. 
Once the flow has been suitably regulated this tap should be left 
always open. Gas is evolved in the lowest bottle and drawn off 
by the tap E ; when no more gas is required this tap is closed. 
The acid then ceases to flow into C because of the pressure of the 
gas in C. The gas produced by the small amount of acid remaining 
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in C collects in the middle bottle B, forcing acid into A. Conse¬ 
quently there is a supply of gas under pressure always ready when 
required. The apparatus works for months with scarcely any 
ji attention. Fresh acid is added to A, and 

/\ spent liquor drawn out of C, as often as 

—— necessary. 

The Properties of Hydrogen.—The com¬ 
bustibility of hydrogen is taken first because 
the phenomena observed provide a means of 
11 identifying hydrogen which will be useful in 
subsequent experiments. 

-^j! Expt. 49.—Hydrogen bums but does not 

p—~ support Combustion 

D Oti 5 r “ ” r Bind a small length of taper or of a toy 

* ■ ^ candle to the end of a stout iron wire or 

thin rod—a knitting-needle or the rod of a 
deflagrating spoon. Hold a jar of hydrogen 
lan ^ T mouth downwards. Remove the cover and 

III ^ ignite the gas with the burning taper. Pass 

burning taper inside the jar, the taper is 

m extinguished but is relit on being withdrawn 
slowly from the jar. 

Expt. 50.—Colour of the Hydrogen Flame 

Hydrogen burning from a jet of silica or 
Fig. 15.—Gas-prepara- platinum is seen to have a blue flame. Con- 

tion Apparatus. ^ect a i-inch length of silica tubing by means 

(Ostwald.) pressure rubber to a right-angle glass 

bend. Attach the bend to a Kipp or other apparatus giving a 
supply of hydrogen. Just before use remove the silica jet and boil 
it for a minute in distilled water and with clean fingers place it in 
position. If this precaution is not taken a yellowish flame is almost 
invariably produced. Turn on the hydrogen, and, when the air has 
been expelled, ignite the gas. 

Platinum may be used for the jet in place of silica. Roll a 
small piece of platinum foil to form a conical tube about f-i inch 
high. Pull out the free end* of a glass right-angle to form a 
jet. Fix the platinum cone (cleaned by boihng it in water) on 
this jet. 
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Expt. 51.—Explosion with Air or Oxygen 

A mixture of hydrogen and oxygen in certain proportions explodes 
when ignited. 

Fill J of a gas jar with oxygen by displacement of water. Pass 
hydrogen into the remaining | of the jar. Invert the jar a few 
times to mix the gases. Remove the cover completely, and then 
ignite the mixture. Combination takes place with a tremendous 
report. 

Expt. 52.—A Mixture of Hydrogen and Air is exploded in a Soda- 
Water Bottle. E. Fkankland, 1872 

Obtain a round-bottomed, thick-walled, shoulderless soda-water 
bottle. Calibrate it in tenths. Fill it with water, then run the 
water out until three-tenths remain. Displace this remaining water 
with hydrogen. Cork the bottle and invert it a few times to mix 
the gases. It is not necessary, but as a precaution wrap the bottle 
in a towel or in several folds of flannel. Remove the cork and 
ignite the mixed gases. Reaction takes place with a terrific report. 
If time allows vary the proportion of the constituents. 

Expt. 53.—Detonating Mixture is exploded in a Cardboard Container. 

Irvine Fine, 1931 

If a vessel of cardboard is used a comparatively large volume of 
detonating mixture may be exploded without any of the hazards 
accompanying the use of glass. Proprietary articles of grocery are 
often sold packed in cardboard cylinders most suitable for this 
experiment. Obtain such a cylindrical cardboard container of 
1-2 pints capacity. Remove the cap and cut from the cylinder a 
longitudinal strip J inch wide and of suflicient length to cover the 
J or f way mark. Paste cellophane—the transparent paper used 
to wrap cigarettes, etc.—on the inside of the longitudinal opening, 
and thus make a window. When the paste is dry coat the inside 
of the cylinder with paraffin wax. Fill the cylinder with water 
and pass in 2 volumes of hydrogen and i volume of oxygen. The 
water levels are easily seen through the cellophane window, which 
should face the class. Grasp the upper rim of the cylinder with 
tongs and carry it to a flame and ignite the gases. 

The lightness of hydrogen may be shown in several ways. 

Expt. 54.—Hydrogen can be poured upwards 

Let one pupil hold an empty gas jar upside down and a second 
pupil pour a jar of hydrogen upwards into the empty jar. Each 
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then closes his jar with the glass cover. Now test each jar with a 
lighted taper ; hydrogen is found in the upper jar only. 

£xpt. 55.—The Buoyancy of Hydrogen 

By means of string or wire suspend a large inverted flask or 
beaker from one arm of a balance. It is generally advisable to 
remove the balance pan and stirrup. Counterpoise with a similar 
flask or beaker on the other balance arm—this refinement is not 
essential but makes the experiment more impressive. Add weights 
or pieces of lead to the inverted base of the lighter beaker, using 
tin foil for the fine adjustment, until the balance is in equilibrium. 
Now open a jar of hydrogen under one beaker, or using a delivery 
tube lead in a stream of hydrogen. The arm of the balance rises 
on the hydrogen side. Allow the hydrogen to escape by diffusion 
while the class watch the arm slowly fall ; alternatively, using a 
water-pump, or a long right-angled tube and mouth suction, draw 
out the hydrogen and so more quickly obtain equilibrium. 

The determination of the density of hydrogen (Expt. 586, p. 320) 
may be conveniently taken here. 

Expt. 56.—A Soap Bubble filled with Hydrogen rapidly rises in the 
Air 

A soap solution is required and a supply of hydrogen under 
pressure. If the soap solution is required only for this experiment 
make it from ordinary white or yellow unscented soap, or from 
' green ' soft soap (see p. 109). Shred about i gm. of soap and 
add it in small portions to 100 c.c. of hot water. With such a 
solution ephemeral bubbles of 3-4 inches in diameter are easily 
obtained. Should larger and more lasting bubbles be desired, the 
surface viscosity of the frothing solution must be increased ; or 
materials other than soap, such as saponin and molten resin, may 
be used. For a full account of the preparation and use of these 
solutions see the delightful book. Soap Bubbles, by C. V. Boys 
(S.P.C.K., new edition, 1912). 

To blow a large hydrogen soap bubble it is necessary to have 
a greater pressure of gas than that afforded by the ordinary 
preparation flask. A cylinder of compressed gas is the ideal, but 
is a luxury. Still, a Kipp or other apparatus (p. 49) will serve. 
Attach a clay pipe (a right-angle'glass tube of |-inch bore will serve 
instead) to the hydrogen apparatus by a long rubber connection— 
to allow of freedom of movement. Between the pipe and the Kipp 
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place a tube full of cotton wool to absorb any spray of hydrogen 
chloride. Invert the pipe, dip it in the soap solution—contained 
in a basin—and remove it immediately a bubble begins to form 
on the pipe. When the bubble is of a satisfactory size detach it 
by jerking the pipe. The bubbles rise rapidly to the ceiling and 
roam and bump about, to the delight of the class. As the bubbles 
leave the pipe set a boy to ignite one with a lighted taper—a difficult 
task until the knack is found. For comparison blow a soap bubble 
with the mouth—the heavy bubble falls to the ground. 

Expt. 57.—A Balloon filled with Hydrogen rises in the Air ^ 

Assuming that a cylinder of hydrogen is not available, a rubber 
balloon may be inflated with hydrogen by utilising the pressure of 
the water supply. Fit a Winchester quart with a two-holed cork 
carrying two small elbow bends each capped with a rubber connec¬ 
tion closed with a clip. Remove the cork, fill the bottle with water, 
and then displace the water with hydrogen in the usual way. Raise 
the bottle to the surface of the water and allow it to drain, keeping 
it still over the delivery tube. Now raise the bottle clear of the 
liquid, still keeping it over the delivery tube—which is lifted out 
of the water by an assistant—and insert the prepared stopper. By 
this manipulation the exit tube is kept dry, a very necessary pre¬ 
caution inasmuch as the weight of one drop of water is the weight 
of 500 c.c. of hydrogen. Pull a i-inch length of pressure rubber 
over a 2-inch length of glass tubing so that the end of the rubber 
is flush with the glass. Stretch the mouth of a toy rubber balloon 
over the pressure rubber ; it will adhere tightly and require no 
tying. Insert the glass tube in one of the rubber connections of 
the hydrogen bottle. (It is advisable to warm the balloon before¬ 
hand; knead it in the hand and inflate it with the mouth two or 
three times before filling it with hydrogen.) Connect the bottle 
of hydrogen with the tap of the main water supply ; open both the 
clips and turn on the water. Turn off the tap when the balloon is 
of a desired size. Twist the neck of the balloon and tie it with a 
length of soft fine string. Release the string and the balloon rises 
in the air. As a contrast inflate a second balloon with the mouth. 

Burning Hydrogen in Oxygen.—^This experiment is of fundamental 
importance, demonstrating as it does so cogently the composition 
of water. In some form or other it should be attempted. If 
cylinders of oxygen and hydrogen and a silica flask are available, 

^ For alternative method see page 90. 
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water in considerable quantities may be synthesised in the lesson 
period and identified by finding its density or its boiling-point. 
Otherwise a small quantity of water, identified by copper 
sulphate, may be easily obtained by lowering a jet of hydrogen 
into a flask of dry oxygen (Expt. 59), or by using the apparatus 
of Expts. 521--523. 

Expt. 58 . —The Synthesis of Water. M. Rosenfeld, 1881 
An oxy-hydrogen flame is placed in a large flask cooled with 
water. A colourless liquid which appears is identified as water. 

Rosenfeld used a flask of glass. With care such a flask only 
occasionally fractures : but where the experiment has to be repeated, 
as in a large class divided into three or four parallel divisions, it pays 
in the long run to have a flask of silica. 

Clamp a short-necked glass flask of at least 500 c.c. capacity (a 
much smaller silica flask may be used) in a large beaker or inverted 

bell-jar of water (fig. 16). Unscrew the 
blowpipe tube of an ordinary foot blow¬ 
pipe ; join the gas inlet tube to a cylinder 
of hydrogen and the air inlet to a cylinder 
of oxygen. Clamp the blowpipe with the 
nozzle just clear of the flask. Turn on 
and ignite the hydrogen and adjust the 
flame so that it is i inch long. Now 
gradually turn on the oxygen until the 
gases burn with a fierce hum. The flame 
contracts as the oxygen supply is increased 
and should be no more than f inch long ; 
if a flame inches long is used a 500-c.c. 
glass flask will invariably fracture. Having 
adjusted the flame, lower the blowpipe 
into the flask until the mouth of the nozzle 
is just clear of the inside end of the neck 
Fig. 16.—Synthesis of of the flask. This position of the experi- 

Water. ment is depicted in fig. 16. 

Let the gases bum for 10-20 minutes, or until 1-3 c.c. of water 
have condensed. The class generally apprehend, or confidently 
assume, that the colourless liquid is water ; but, if time allows, find 
the boiling-point of the liquid, or take its density, otherwise treat it 
with anhydrous copper sulphate. If the students have not met this 
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substance, proceed as follows : Place two small heaps of anhydrous 
copper sulphate on a sheet of paper, or in two dry test-tubes. Add 
one drop of water to one heap and one drop of the colourless liquid 
to the other. Faraday’s method (i86i) of identifying small quanti¬ 
ties of water was to add a speck of sodium or potassium to the 
colourless liquid and note the resulting phenomena. 

Expt. 59.—The Synthesis of Water. The Simple Method 

Pass dry oxygen into a short-necked flask of 500-1000 c.c. capacity 
until a glowing splint held just outside the mouth of the flask bursts 
into flame. Cork, and exhibit the dry flask. Make a small semi¬ 
circular bend at the end of an 8-12 inch length of glass tubing. 
Attach with rubber a i-inch length of silica tubing, or of the stem 
of a clay pipe, to the short arm of the bend to act as a jet (fig. 51), 
and join the long arm to a Kipp or other apparatus giving a supply 
of hydrogen. Insert a calcium chloride drying tube between the 
Kipp and the jet. Expel the air from the apparatus and then light 
the hydrogen and adjust the supply of gas to give a flame not 
more than J an inch high. Lower the jet into the flask of oxygen— 
the change in appearance and colour of the flame is immediately 
noticed. Allow the gas to burn until an appreciable amount of 
moisture appears on the walls of the flask. Withdraw the hydrogen, 
cork the flask, and pass it round for inspection. Sprinkle anhydrous 
copper sulphate on the moisture as in the last experiment. 

N.B .—The water is acidic. The temperature of the burning 
hydrogen causes the union of oxygen and nitrogen—from the air 
which works into the flask. With a young class it is not advisable 
to add a complication by testing the water with litmus. 

The electrolysis and the gas-volume trie analysis of water could 
well be taken here. For the experiments see Chapter V, p. 340. 

Oxidation and Reduction. —Since hydrogen combines so vigor¬ 
ously with oxygen the idea suggests itself of seeing whether or not 
hydrogen will react with the oxygen of a compound. Copper oxide 
is first synthesised and then reduced, and the conceptions of 
oxidation and reduction introduced. 

Expt. 60,—The Synthesis of Copper Oxide 
Pack a 9-12 inch length of hard-glass combustion tubing with 
clean copper turnings or copper powder, held in position between two 
loose plugs of asbestos. Copper turnings are frequently greasy, and 
should be cleaned by placing in a flask and rinsing them, first with 



58 


A STUDY OF WATER AND AIR 


alcohol and then with ether or petrol. Drain off the spirit and allow 
the turnings to dry in the air, or warm them gently. Copper powder 
obtained by reducing copper oxide is more active than the ordinary 
sheet or wire form of the metal, consequently the glow—the sign 
of chemical action—is more easily obtained and more pronounced. 
Fix the tube up for heating, using a Ramsay burner, a flame spreader, 
or two Bunsens, and arrange to pass dry oxygen over the hot copper. 
The oxygen may be obtained from a cylinder, from an aspirator 
filled beforehand, or it may be made on the spot, by the method of 
Expt. 384. Insert a sulphuric-acid wash-bottle between the oxygen 
supply and the combustion tube. Before warming the combustion 
tube, pass the oxygen through it to drive out the air. The tube 
now contains only the elements copper and oxygen, consequently 
chemical action is limited to combination. Waim the tube gently 
at first, then make it hot; meanwhile pass over a brisk stream of 
oxygen. A black product appears, whose formation is accompanied 
by a bright glow if the oxygen is passed quickly. The production 
of heat and the formation of new substances are signs of a chemical 
action. 

Expt. 61 .— Reduction of Copper Oxide. E. F. Gorup-Besanez, 
1859-1868 

Hydrogen is passed over the copper oxide produced in Expt. 60, 
red copper reappears and a cloud of steam issues at the end of the 
tube. 

Continuing from Expt. 60 above, lower the flame to keep the tube 
warm and replace the oxygen by a hydrogen supply. Before 
reheating the combustion tube, sweep the oxygen well out with a 
stream of hydrogen. If the supply of hydrogen is limited, join 
the coal-gas supply to the wash-bottle and so drive out the oxygen. 
Heat the combustion tube while passing a brisk stream (3-4 bubbles 
a second) of hydrogen through. The black product changes to red 
copper occasionally in the form of a bright mirror, and steam issues 
from the end of the tube as from the spout of a boiling kettle. 
Condense some of the steam on a cold tile, and treat it with sodium 
or with anhydrous copper sulphate. Alternatively, if time allows, 
a small receiver standing in a jar of cold water may be attached 
to the end of the combustion tube. The colourless liquid which 
collects in the receiver is identified as water. 

At this stage, with a class of suitable mental ability, or where 
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a short course is being taken, iron oxide could be reduced with 
hydrogen, the reverse process Expt. 36 carried out, and first notions 
of reversibility and mass action introduced. 


A FIRST STUDY OF AIR 

There is more than one way by which the study of air may be 
approached. Oxygen may be first studied ; whereby combustion 
is recognised as vigorous oxidation. Consequently, when hydrogen 
is burnt in air and the product shown to be identical with that 
produced when hydrogen combines with oxygen, it follows that 
air must contain oxygen. I favour this method of approach when 
chemistry is presented to children of the age of 

An alternative method is to make a scientific study of combustion 
along the lines of its historical development, and step by step to 
unravel the problems of the phenomena of combustion and of their 
connection with the composition of air. It is extremely difficult 
faithfully to follow this method with young children. For a 
thoughtful and searching discussion of the matter see Experimental 
Basis of Chemistry, by I. Freund, pp. 177-183. 

Continuing with the first method, air is obviously material since 
it contains oxygen. This fact is confirmed by finding the density 
of air, incidentally comparing it with the density of oxygen, addi¬ 
tional and strong proof that air is not oxygen. In the next place, 
prominent substances known to combine with oxygen are heated 
in the air, and the volume of oxygen withdrawn from a definite 
volume of air is approximately found. 

Phosphorus, iron, mercury, or copper can be used for this purpose. 
Nitrogen is isolated and its obvious properties noted, but a detailed 
study of the preparation and properties of this element is better 
deferred until ammonia and the oxides of nitrogen are considered. 
The demonstration that air is a mixture (Expt. 73) may be given 
at any convenient point. It is manifest that a teacher will not need, 
or have time for, all these experiments. Thus, if phosphorus is 
burnt under a bell-jar (Expt. 66) the candle experiment becomes 
redundant; nevertheless, it is expedient to do this experiment 
because of its historical interest. 

Students are generally aware of substances in the air other than 
oxygen and nitrogen. The teacher should therefore acknowledge 
that, while the oxygen determinations were correct, the values 
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obtained for nitrogen include i per cent, of other gases, which will 
be studied later when knowledge of materials and methods has 
increased. In England it is scarcely necessary to do a formal 
experiment to show the presence of water vapour. Attention could 
be called to the marathon experiments on deliquescence ; again, 
in every experiment where a freezing mixture is used, hoar-frost in 
abundant quantity appears on the outside of the containing vessel. 

But where a course of biology is not being taken it is advisable, 
for the sake of the informational value, to perform Expts. 89-91, 
indicating the existence of living matter in the air. 

Expt. 62.—Hydrogen burnt in Air. M. Faraday, 1827 

This experiment was performed in 1776 by P. J. Macquer, who 
held a china saucer in burning hydrogen and obtained water. 

Hydrogen is burnt in air : the product of combustion is condensed 
and identified as water. 

Fit up an apparatus on the lines of fig. 17. In place of the thistle 
funnel an ordinary funnel may be used ; bend the stem at right 



angles and attach it with pressure rubber. Faraday used a clay 
pipe attached with rubber. Now my own plan is to bend a 
thistle funnel as shown and fit it into a small Wurtz flask. Such 
an arrangement works excellently. The thin glass of the thistle 
funnel is far less apt to crack than the thick glass of an ordinary 
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funnel; furthermore, the water does not come into contact with 
cork or rubber, and consequently is tasteless and odourless ; finally, 
the boiling-point can be found without removing the liquid. Draw 
the product of combustion over by means of a water-pump; use 
gentle suction only, or much of the steam will be lost. 

Attach a calcium chloride tube (not a sulphuric-acid wash-bottle 
for it prevents the formation of a steady flame) to a Kipp or other 
hydrogen supply (see p. 51). Use a i-inch length of quill silica 
tubing, or of the stem of a clay pipe, or a mouth blowpipe, as a jet, 
and join this to the calcium chloride tube. Let the hydrogen 
stream out for a few minutes to expel air, then ignite the hydrogen 
and adjust the gas so that the flame is inch high. Burn the 
hydrogen until sufficient water has collected for its boiling-point 
to be found. If the directions above are followed about i c.c. of 
water will be obtained in 10 minutes. Find the boiling-point of the 
liquid. Also, if time allows, treat portions of it with anhydrous 
copper sulphate and sodium. The liquid is identified as water, and 
since the composition of water has been found the air must contain 
oxygen. 

Expt. 63 . — Hydrogen burnt in Air. C. M. Stuart, 1896 

The experiment may be carried out with the simpler apparatus 
depicted in fig. 18. The assembling of the apparatus and working 



of the experiment are obvious from the sketch. A good deal of 
the steam is lost and it is usually not possible in the lesson period 
to obtain sufficient water to find its boiling-point. However, when 
this method is used as a class experiment, the product from the 
whole class may be collected up and boiled. 
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Expt. 64 .—A Candle burnt under a Bell-jar (John Mayow, 1674) 

A candle is burnt in air contained in a bell-jar over water. The 
candle dies down and goes out when a fraction of the air has been 
consumed. 

There is no point in graduating the bell-jar since the candle 
goes out before all the oxygen has been consumed. It is frequently 
recommended that the experiment should be carried out by sup¬ 
porting the burning candle in a crucible floating in a trough of 
water and then covering the candle with the jar. But in this 
practice the jar encloses an atmosphere which already contains a 
considerable amount of carbon dioxide. The experiment is more 
scientifically carried out by lighting the candle inside the enclosed 
volume of air. The procedure detailed below is due to D. S. 
Macnair, 1902. 

Arrange the apparatus as shown in fig. 19. Fix the candle to a 
heavy base such as an iron washer. Cut off the head and a short 
length of the stalk of a ‘ strike anywhere ' wax 
match. Attach this head to the wick of the 
candle by melting the wax. S is a tightly fitting 
rubber stopper through which passes air-tight a 
g glass rod R. The height of R is so arranged that 
its end can easily be brought into contact with 
the wick by slightly shifting the position of B. 
-T Make the point of R red-hot; insert the stopper 
quickly and move B so as to touch the match- 
head with the hot glass. The candle burns for 
a time and then goes out. Direct attention to 
the change in the volume of air (a) while the candle is burning, 
(6) after it has gone out and the system has cooled to room 
temperature. 

The experiment appears to show that a small fraction of the air 
will support combustion. The result should not be pressed too 
far; the formation of a comparatively large volume of carbon 
dioxide, which now slowly dissolves, and the inability of a candle 
to burn in attenuated oxygen are facts known to the teacher but 
far from immediately obvious to the class. After a discussion the 
class will agree that since we do not know the composition of the 
wax of a candle it were better to repeat the experiment using known 
material (elements), such as phosphorus, copper, and iron, which 
have been found to combine readily with oxygen. 
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Priestley’s experiment, showing how the exhausted air may be 
restored by a living plant, is for convenience given below. However, 
whether the experiment is taken here or not, the treatment of the 
result should depend upon the teaching method being used. When 
the first method of approach (p. 59) is being followed, Priestley’s 
experiment were better postponed until carbon dioxide has been 
studied. 

Expt. 65 .—Priestley’s Plant Experiment. 1772 

A burning candle and a potted plant are placed in a confined 
volume of air. After the candle flame has gone out the apparatus 
is stood in bright sunshine for several hours. The confined atmo¬ 
sphere is then found to be able once more to support combustion. 

Have ready a potted plant of suitable size. A nasturtium will 
serve, or a fuchsia, in fact any plant which does not produce 
adventitious roots. If a second bell-jar is available leave the 
apparatus of l£xpt. 64 containing the air exhausted by the candle, 
for comparison. Arrange the apparatus as in Expt. 64, but place 
the potted flower in the trough with the candle. Light the candle 
and cover candle and plant with a stoppered bell-jar. When the 
candle has gone out, and the apparatus has cooled, insert a burning 
taper and show that it is extinguished. This is a superfluous 
experiment but is impressive. Now stand the apparatus in bright 
sunlight for several hours. Plunge a burning taper into the jar ; 
the taper is not extinguished. Once more, for comparison, test 
the atmosphere of the bell-jar of Expt. 64. 

N. B .—Unless the plant has been left in an exceptionally favour¬ 
able position the taper test will usually fail if tried during the first 
lesson of the next morning. Respiration in the absence of photo¬ 
synthesis will have occurred during the night and the oxygen 
content of the bell-jar will be insufficient to keep the taper ahght. 

Expt. 66.—Phosphorus burnt in an Enclosed Space (D. Rutherford, 
1772) 

Phosphorus, contained in a crucible, is burnt under a graduated 
bell-jar : one-fifth of the air disappears. 

Find beforehand the capacity of a stoppered bell-jar and graduate 
it in sixths with strips of paper. Remove the stopper, stand the 
jar in a trough and add water until it reaches the first graduation : 
thus when the stopper is inserted 5 volumes of air are enclosed. 
Remove the jar and place in the trough a crucible-stand made of 
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thin iron wire. Attach a heavy iron washer to the base of the stand. 
Alternatively, a small crucible, size No. oo, may be floated on the 
water. Replace the stopper of the bell-jar by a one-holed rubber 
stopper through which a long glass rod is passed. The rod should 
be of such a length that while one end is J an inch from the crucible, 
the other end should extend 2-3 inches beyond the stopper. Lubri¬ 
cate with vaseline that section of the rod which is to be moved 
through the stopper. Dry a piece of phosphorus (see p. 289), pea-size, 
and place it in the crucible. Stand the bell-jar in position with its 
stopper out. Heat the end of the rod to dull red, insert the stopper, 
push the rod down, touch the phosphorus, and immediately raise 
the rod an inch or so. The phosphorus ignites and burns vigorously. 
As the apparatus cools it is seen that water rises in the jar. When 
room temperature is reached add water to the trough to adjust the 
levels. When the water has ceased to rise it is noticed that of 
the air is left. This residue is obviously matter insoluble in water, 
or the water would rise and fill the entire jar. Since the residual 
gas does not support the combustion of phosphorus it is not likely 
to allow a taper to burn in it. However, it is just as well to remove 
the stopper and introduce a burning taper. Give the name of the 
gas. 

Expt. 67 ,—Scheele’s Experiment (K. vScheele, 1777) 

A piece of phosphorus is burnt in a known volume of air contained 
in a stoppered flask. When the flask is cool it is opened under 
water and the volume of residual gas found. 

The first part of this experiment has already been described 
(Expt. 13, p. 23). When the flask is cool, open it under a trough 
of water which has stood for some hours to attain the temperature 
of the room. Using a beaker, pour water from the trough over 
the flask to cool it; depress the flask until the water levels are 
equal, then insert the cork. Measure the water with a cylinder. 
The method yields surprisingly accurate results. 

Expt. 68.—Phosphorus gains in Weight when burnt in Air. H. E. 

Armstrong, 1889 

A weighed piece of phosphorus is burnt in a current of air. The 
fumes are trapped in a mass of asbestos and weighed. 

Take a piece of |-inch bore' soft-glass tubing and draw out one 
end, or use a straight calcium chloride tube. Cut off a tube about 
6 inches long. Fit up the tube in connection with an aspirator as 
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shown in fig. 20. Place a loose plug, about J inch long, of asbestos 
at the tapered end of the tube. Now find the approximate weight 
of the tube and leave the weights on the balance. This is to 
facilitate rapid weighing of the tube after the phosphorus has been 
inserted ; otherwise, especially in summer, the phosphorus may 
catch alight before the experiment proper is begun. Cut a p6a-size 
piece of phosphorus, dry it, place it next to the asbestos, then 



loosely pack about 3 inches of the tube, beyond the phosphorus, 
with asbestos wool. Blow gently through the tube on to a 
moistened hand to make sure air will pass through the asbestos. 
Weigh the lube rapidly and then, by means of a one-holed cork 
and connection tube, join it to the aspirator. Start the aspirator 
going; the phosphorus will probably catch alight; if not, warm it 
gently until it does. When the phosphorus is all consumed weigh 
the tube again. The gain in weight is most decided. 

Expt. 69 . — The Slow Combustion of Phosphorus (K. Scheele, 1774) 

Phosphorus is placed in a confined volume of air. Oxidation 
takes place in the cold—a kind of slow combustion—and the 
volume of air decreases. 

A long tube {15-18 x | in.) closed at one end, or a gas jar, may 
be used for this experiment. Obtain a stout iron or copper wire, 
but not so stout that it cannot be bent with the fingers, and not 
quite as long as the tube. Place a stick of phosphorus 1-2 inches 
long in a trough of water, and scrape clean the surface of the stick. 

5 
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Ihen, working under water, bind the phosphorus with fine iron 
wire to the end of the thick wire. Pour a little water into the 
experimental tube and invert it over a deep vessel of water (a pail 
or a sink), thus enclosing a definite volume of air. Clamp the tube 
in position, pour water over it so that the gas inside attains room 
temperature, and mark the volume. Pass the phosphorus high up 
into the confined volume of air. Mark the new volume for com¬ 
parison ; it does not come into the calculation. Close the end 
with a thumb or a small crucible, remove the tube and stand it 
in a gas jar of water. (A simpler but less satisfactory method of 
procedure is to ignore the volume of the wire and phosphorus, 
place them in the empty tube and invert the tube in a jar of water.) 
If the surface of the phosphorus is clean and sufficiently large the 
action will be finished in 4-5 hours, or at least by the next day. 
Withdraw the wire without admitting air—by transferring the tube 
to the big vessel if desired—adjust the levels and mark the volume. 
It is sufficiently accurate to measure the volumes by the lengths of 
tube occupied by them. It is not advisable to let this experiment 
go on for several days in an attempt to reach apparent completion 
of the action ; not only are there daily fluctuations in temperature 
to contend with, but also, owing to the consequent changes of 
partial pressure, there is a very slow but continuous movement of 
the gases through the water partition in each direction. 

N.B .—As pointed out by Roscoe (1896), the experiment is with 
advantage done over mercury, the fumes of phosphorus oxide being 
then far more visible, while no movement of gas through the mercury 
is possible. 

Expt. 70 .— Lavoisier’s Calcination of Mercury (A. Lavoisier, 1789). 

W. Wheatley, 1933 

Mercury (4 oz.) is heated in an enclosed volume of air until 
absorption of the air no longer takes place (12 days). The volume 
of the residual gas is noted and its properties investigated. 

A repetition of Lavoisier’s experiment, following his method as 
closely as possible and emplo3dng his quantities, makes a fascina¬ 
ting 'marathon.’ My colleague W. Wheatley for several years has 
successfully carried out this experiment, and below is an outline 
of his method. 

The necessary retort or matrass (fig. 21) can be made from a 
round-bottomed flask by anyone with moderate skill at glass- 
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blowing, or can be purchased for a few shillings. The bulb of the 
retort should have a capacity of 600-700 c.c., and the tapering 
neck, 14-16 inches long, should be J inch in diameter at the lower 
end. The glass cover, approximately 6 by 3 inches, used to protect 
a glow lamp makes a bell-jar of the required size. A i-lb. size 
glass jam-jar serves equally well. A glass pneumatic trough 
should be used: 8 by 4 inches is a convenient size. Support the 
improvised bell-jar on a shelf 
made of thin sheet lead. In 
the interests of historical ac¬ 
curacy it is desirable that the 
volume of enclosed air should 
be approximately 50 cubic 
inches (50 Old French cubic 
inches =990 c.c.). If the appar¬ 
atus has the dimensions given 
above the enclosed volume will 
be approximately 50 cubic 
inches. However, for the sake 
of simplicity and effectiveness it 
is advisable to find the total enclosed volume and divide this into 
50 equal parts, each approximately i cubic inch. Provision must 
be made for the expansion of the air in the early stages. Accordingly 
make a graduation mark on the bell-jar at least i inch from the 
rim and call this the 50-unit mark. When setting up the apparatus 
arrange for this mark to coincide with the level of the water in the 
trough. Thus, the total enclosed space will be the volume of the 
bell-jar to the 50 mark plus the volume of the retort diminished 
by the volume of that portion of the neck of the retort protruding 
into the bell-jar and the space (9 c.c.) occupied by the mercury. 
It is sufficiently accurate to find the volume of the bell-jar by 
filling it with water and using a measuring cylinder. Find the 
volume of the retort by weighing the water which fills it. If the 
neck of the retort is, as recommended, half an inch wide, the retort 
is quite easil;^ filled by pouring in water and tilting to expel en¬ 
trapped air. Otherwise, add some water to the retort and boil it 
for 10 minutes to expel air. Immerse the stem in a vessel of hot 
water so that as the retort cools the water enters and fills it. When 
the retort is cool weigh it and find the weight of the dry empty 
retort. Divide the total enclosed volume by 5, the result is the 



Fig. 21.—Calcination of Mercury. 
(Lavoisier.) 
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volume between the graduations 40 and 50. Find what section of 
the bell-jar above the 50 mark holds this volume and make the 
40 cubic inch mark. 

Divide the space 40-50 into 4 equal divisions and label them 
42 - 5 , 45, and 47-5 ; smaller divisions are not necessary. Mark 
these divisions on a strip of paper, paste it in position and coat 
it with molten wax. Dry the retort and pour in 4 oz. of mercury 
(4 oz. =9*0 C.C.). It is extraordinary how the diagrams in text¬ 
books exaggerate this volume. Place the retort on a sand bath, 
the bell-jar in position, and then add water to the trough. By 
means of a bent tube suck out air if necessary until the water levels 
are equal and exactly on the 50 mark. Heat the retort, using a 
small Bunsen flame. Adjust the flame so that the mercury is just 
short of boiling. Turn off the flame for about an hour each day 
so that the class may see how the volume of air diminishes. The 
red oxide becomes visible at the end of the 2nd day. Wheatley has 
found that on cooling at the end of the 12th day, after allowing 
for changes of temperature and pressure, the water always reaches 
the 42*5 mark—that is, 7*5 cubic inches of air have been absorbed. 
(Lavoisier found a loss of 7-8 cubic inches.) After 12 days, further 
heating does not seem to decrease the volume of the air. If the 
retort be cleaned with dilute nitric acid it can be used over and 
over again. Indeed, after the first occasion the experiment can 
be set going with a minimum of trouble. 

Expt. 71.—Copper is heated in a Definite Volume of Air 

A definite volume of air is passed slowly over hot copper and the 
residual gas collected, measured, and examined. 

Pack a 9-12-inch hard-glass combustion tube full of clean copper 
chips (see Expt. 60), or copper powder held in position between 
plugs of asbestos. Connect one end of the tube to an aspirator 
of air, as in fig. 123, and the other to a pneumatic trough. Protect 
the aspirator from the heat by means of a sheet of asbestos or slate. 
Adjust the levels of the water in the aspirator-bottles (see p. 305) 
and mark the volume of air. Heat the combustion tube, using a 
Ramsay burner, a flame spreader or two Bunsens, and bring it 
gradually to dull redness. When bubbles of air cease to pass 
through the water of the trough, place a gas jar full of water over 
the delivery tube. 

Elevate the reservoir bottle of the aspirator, open the tap and 
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pass the air over the hot copper. Arrange the tap so that not more 
than 1-2 bubbles leave the delivery tube per second. Carry on 
until 200-300 c.c. of nitrogen have collected, but leave sufficient 
time to measure and examine the gas. 

Turn off the air supply and disconnect the pneumatic trough from 
the combustion tube. Cool the gas jar of nitrogen, adjust the levels 
if possible and mark the volume. Show that the gas extinguishes 
a taper. Meanwhile cool the combustion tube and exhibit the black 
copper oxide. Refer to Expt. 59. 

Compare the volume of air used with the volume of nitrogen 
obtained. 


It is as well to preface the synthesis of air by a more tangible 
illustration of the distinction between a mixture and a compound. 
The familiar synthesis of ferrous sulphide from a mixture of iron 
and sulphur is difficult to better. 

Expt. 72.—Distinction between a Mixture and a Compound 

Equivalent quantities of iron filings and powdered sulphur are 
well mixed and the properties of the mixture noted. The mixture 
is heated in one place and the flame removed. A brilliant glow 
spreads through the mass and heat is given out. The cooled 
product is examined and found to have properties different from 
those of iron or those of sulphur. 

Clean iron filings (p. 74) must be used for this experiment. Weigh 
a test-tube, fill it two-thirds full of powdered sulphur and weigh 
again. In a second test-tube weigh out an amount of iron filings 
eqnol to i J times the weight of the sulphur. When these quantities 
are subsequently mixed they wiU completely fill one tube. Mix the 
elements on a sheet of paper; a greenish, apparently homogeneous, 
mass is obtained. Isolate a small portion of the heap and bring a 
magnet near it. Iron clings to the magnet, together with much 
sulphur, but the latter is only mechanically entangled and may be 
removed by blowing or shaking. Put some of the mixture on a 
slide and throw the image on a screen by means of the lantern or 
micro-projector, or use the epidiascope. The class easily see the iron 
and sulphur particles lying side by side. A portion of the mixture 
may be treated with carbon disulphide. 

Next fill a test-tube with the large untouched heap. Call the 
attention of the class to the fact that the tube contains only iron 
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and sulphur. Now, the portion at the open end of the tube is 
in contact with air; arrange therefore with the class that the 
experimental material shall be considered to end half an inch from 
the opening of the tube. Any phenomena due to the action of the 
substance on the air will consequently be eliminated. Heat the 
closed end with the hottest part of the Bunsen until a red glow 
appears, when immediately remove the flame. The red glow passes 
right through the mass. It is obvious that heat and light are given 
out by the substance. When the action has finished, break the 
glass of the test-tube by tapping it gently with a pestle and exhibit 
the product—usually a sintered stick of the size of the tube. Hold 
the stick with fingers or tongs in the flame. It merely becomes red- 
hot. Try a portion with a magnet—^if the directions have been 
followed the product is non-magnetic. The substance has properties 
entirely different from those of iron and sulphur, yet it contains 
both iron and sulphur. Chemical action has taken place, as indicated 
by the evolution of heat and light, and a new substance has been 
formed. 

Expt. 73 .—Air is a Mixture 

Except for the use of modem apparatus this experiment is 
identical with that originally carried out by Scheele in 1777. 

A gas jar, or other suitable vessel, is graduated in fifths and filled 
with water. Four parts of the water are displaced by nitrogen 
and one part by oxygen. No signs of chemical action are observed 
as the gases mingle and the mixture has properties identical with 
those of air. 

Divide a large gas jar into fifths, using strips of paper as gradua¬ 
tions, Charge an aspirator with nitrogen (for preparation see 
p. 317) before the lesson. Call attention to the absence of colour 
and the insolubility of the gas. Draw off half a jarful and show 
that the gas extinguishes a burning taper. These are the criteria we 
use to distinguish nitrogen. Pass this gas into the jar until four 
divisions of water have been displaced. Since only a small amount 
of oxygen will be required, it is as well for revision's sake to heat 
a potassium chlorate manganese dioxide mixture in a hard-glass 
tcst*-tube. Let the gas escape until a glowing splint will ignite 
with an explosive pop in the gas stream, then pass the oxygen into 
the divided jar until the remaining water is displaced. Let a pupil 
put his hand round the jar—no heat is felt. No light is seen, or 
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the formation of any new substance ; in short, no signs of chemical 
action The mixture is colourless and insoluble. Place a lighted 
taper in the jar ; the taper bums as it would in air. We conclude 
that air is a mixture of the two gases. 

The evidence that air is a mixture, gained by investigating the 
solubility of air in water, is best postponed until the class have 
made a formal study of carbon dioxide. The air boiled out of 
calcareous waters such as abound in the south of England not only 
contains the free carbon dioxide, but also that expelled from the 
bicarbonates. In the usual analysis of air with alkaline pyrogallol, 
the carbon dioxide, unless it be first absorbed, will count as oxygen, 
completely vitiating the result. 

Expt. 74 .—The Atmosphere contains Water (see comment on p. 6o) 

A flask, thoroughly dry on the outside, is filled with a freezing 
mixture. A white coating of hoar-frost which appears on the 
outside of the flask is scraped off, allowed to melt, and identified 
as water. 

Fill a flask with freezing mixture—made as described below— 
taking care to keep the outside perfectly dry, and then clamp the 
flask in a stand. As soon as the precipitate of frost appears pass 
the flask round for inspection. Scrape off the frost with a metal 
spatula into a dry test-tube. The solid melts at room temperature : 
apply other tests for water as in Expt. 58. 

Preparation of a Freezing Mixture.—^A simple freezing mixture 
may be made by mixing 4 parts of powdered ice with i part of 
salt. An ice-crushing machine is an advantage, being rapid in 
action and giving particles of a uniform size. However, few schools 
possess such a machine and the best alternative pulverising method 
I know is to pound the ice in a wooden box with a builder's brick. 
The corner of any wooden box will serve, but it is neater to make a 
small box of thick wood of such dimensions that the brick will fit 
(loosely) as a piston in a cylinder. Thus, dimensions 6 inches by 
4I inches by inches of wood, | to i inch in thickness, would be 
suitable. A few strokes with the brick will soon reducer the ice to 
powder. In using the mixture (other than in the above experiment), 
mix the ice rapidly—for it cakes—with the salt, and pack the 
mixture round the apparatus, or build up the mixture round the 
apparatus by adding alternate layers of ice and salt. 
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The Analysis of Air 

Expt. 75 .—Using Alkaline Pyrogallol: Burette Cup Method. F. 1912 
A definite volume of air is contained in a glass-tap burette. The 
oxygen is absorbed by alkaline pyrogallol, introduced into the 
burette by means of a special absorption cup. Water is allowed 
to enter and the volume of the residual nitrogen measured. 

The burette cup is home-made and consists of a piece of tubing 
i-ijt inches long, closed at one end, and of cross-section slightly 
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smaller than that of the burette. A short length of glass rod, to 
fit in a rubber stopper, is sealed on to the closed end (fig. 22). 

When this experiment is done in the lecture-room the volume of 
the burette between the tap and the last graduation mark should 
be found before the lesson begins^, when done as a class experiment, 
for which it is well suited, the class find this volume. 

Fill the burette with water and invert it in a trough of water, 
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Open the tap and let the water run out (and air in), but close the 
tap before the water level is off the graduated portion. Adjust 
the water levels and note the volume of the air. Half-fill the 
burette cup with compact crystals of pyrogallol and add a small 
length of stick potash. If the stick is too wide hold it in tongs 
under running water until its thickness is sufficiently reduced to 
allow it to go into the cup, or use granular caustic soda. Fill any 
remaining space with water. Immerse the cup in the water of the 
trough and fix it in position in the burette (fig. 23). Next take down 
the burette and rock it for 5 minutes. Open it under water, transfer 
it to a tall cylinder, cool the burette by pouring water over it, 
adjust the levels and read the volume of nitrogen (fig. 24). Calculate 
the percentage by volume of oxygen in the air. This method is 
rapid and gives excellent results. 

N.B .—The absorption of oxygen by pyrogallol is rapid above 20° 
but slow at 15°. By using solid reactants as directed above the 
heat of solution raises the enclosed liquid well above 20° and 
absorption is complete in 1-2 minutes. 

The Rusting of Iron 

Some teachers prefer to begin the study of chemistry by an 
investigation of air and, proceeding on historical lines, arrive at 
the element oxygen. A section of that investigation, the rusting 
of iron, is therefore placed here for convenience. Since, however, 
the study involves a knowledge of, among other things, carbonic 
acid it is better deferred till later. 

Expt. 76.—The Rust is heavier than the Iron 

Place some bright iron filings and a few bright boot brads on a 
clock glass and weigh. By means of a pipette moisten the iron 
with a few drops of water. Cover the glass with a large inverted 
beaker or funnel. (Beakers or funnels slightly cracked should be 
retained for such a purpose as this.) Place the experiment in a warm 
place and allow it to remain under observation for a few days. 
At the end of that time, if the contents are not dry, warm the glass 
gently in an air oven or on a sand bath. Weigh again. 

Expt, 77.—Iron in a Confined Volume of Air 

Iron, in the form of powder or filings, is placed in a definite volume 
of air contained over water, and kept under observation for a few 
days. The iron rusts and the water level rises in the tube. When 
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equilibrium is reached the volume of the residual gas is noted and 
its properties investigated. 

The iron filings used must be freed from grease. Reduced iron 
(p. 40) is preferable, being free from grease and more speedy in 
action. Use a tube I2~i8 inches by inch, closed at one end. 
Wet the inside of the tube, drain out the water, slant the tube and 
sprinkle'in the filings or powder to cover as completely as possible 
the inside walls of the tube. Invert the tube in a gas or jam jar 
of water, place it on one side for observation and note and record 
the temperature. If reduced iron is used action will be easily 
perceptible in a lesson period, and complete in 3-4 hours. How¬ 
ever, leave the tube for a few days ; meanwhile the class will note 
that the volume of the residual gas remains approximately constant, 
but fluctuates with the temperature. Chemical action has therefore 
ceased. Wait until the temperature is the same as that at the 
beginning of the experiment, or bring the tube to the correct tem¬ 
perature with water, adjust the levels and note the volume. Close 
the end of the tube with the thumb, invert the tube and show that 
the residual gas extinguishes a glowing splint. Measure the volumes 
with a burette. Good quantitative results are obtained. 

To clean Iron Filings .—Place a stock quantity of filings in a 
large corked flask or bottle, and cover them with industrial spirit. 
Let the bottle stand for some hours, occasionally agitating the 
contents. Decant off the liquid—^which is usually as black as ink. 
Add more spirit and repeat the process until the decanted spirit 
is almost colourless. Wash off the alcohol with a little dry ether, 
then allow the filings to dry in the air, or warm them gently. 

Expt. 78.—Iron in Dry Air 

Prepare two bottles with partially bored corks, as in Expt. 81. 
Carpet the floor of one with a layer of phosphorus pentoxide and the 
other with a layer of quicklime. Have these ready several hours 
before the class arrive so that the air in the bottles is dry. Pass 
a clean wire nail 5 or 6 inches long through each cork, leaving i inch 
of the nail outside. Stand the flasks for observation. In damp 
weather the outside section of the nail rusts in a day or two ; the 
inside portion remains bright. 

79.—Iron in Air-free Water 

Bright iron nails axe sealed in a flask filled with air-free water. 

Fit a one-holed cork, carrying a small right-angle glass bend. 
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rubber and clip, to a large flask. The end of the tube should be 
flush with the inside surface of the cork. Place it in connection 
with the open flask as shown in fig. 25. Fill the closed flask 
completely and half-fill the open flask with distilled water. 
Boil the water in each flask for 
10-15 minutes. Remove the cork 
momentarily from the closed flask 
and slide in some bright wire nails. 

Boil for a few minutes longer, 
then allow the closed flask to cool. 

When the flask is cold close the 
clip, dry the rubber and coat it 
with resin wax.* Stand the flask 
for observation. The nails remain 
bright for months. 

Expt. 80.—Iron in Water open to 
the Air 

Place bright iron nails in a similar 
flask half-filled with cold distilled 
water and covered with a paper Fig. 25.—Preparation of Air-free 
cap. In a few hours rusting begins. Water. 

Expt. 81.—Iron in a Carbon-Dioxide-free Atmosphere. G. A. 

Watson, 1907 

A flask or bottle is partially filled with a dilute solution of alkali. 
A long bright iron rod or nail is passed through the cork so that 
part of the nail is inside and part outside the bottle. The inside 
portion remains bright for months, the outside portion rusts in a 
few days. 

About a quarter-fill a large bottle with dilute caustic potash. 
Squeeze and soften a bark cork, bore it carefully (to take the nail), 
cut off about i of the boring and replace it in the hole so that the 
flask may be sealed. Insert the cork and shake the flask gently 
for a few minutes to absorb carbon dioxide. Boil a clean bright 
5- or 6-inch wire nail in water. Push it through the bored cork, 
leaving about i inch of the nail outside: place the bottle for 
observation. 

• JFaraday*s cement. Melt together 5 parts of resin and i part of bees¬ 
wax. If desired, stir in i part of finely powdered Venetian red (red ochre). 
Store in a tin. When the cement is required, melt it and apply with a sm^ 
brush. 
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Ezpt. 82 .—Busting promoted and retarded 

Bright iron nails are placed severally in water, and in solutions 
of common salt, caustic soda, soap, and a mixture of salt and caustic 
soda. 

As containing vessels white-glass medicine bottles are highly 
suitable: they are inexpensive, stable, and stack easily. Burnish 
brightly some 2-inch wire nails and place them in the solutions— 
which may be of almost any strength. 

In the caustic soda solution the nails remain bright indefinitely. 
Corrosion slowly takes place in the water, far more rapidly in the 
solution of salt. In the mixture the caustic soda inhibits the 
rusting. 

Expt. 83 .—Iron dissolves in Carbonic Acid (T. Lane, 1769) 

This experiment is a slightly modified form of one described in 
1906 by G. T. Moody. 

Iron is placed in a solution of carbonic acid. The iron slowly 
dissolves, forming a perfectly clear solution, and hydrogen is evolved. 
The undissolved iron remains quite bright. 

Obtain a quantity of a saturated solution of carbon dioxide. 
The solution is best obtained by purchasing a bottle of good-quality 
soda-water and ignoring the small amount of sodium carbonate 
present. 

Stuff a flask (of 200-300 c.c. capacity) full of steel wool of fine 
or medium grade — this useful material may be obtained at 
Woolworth's Stores—and add a few bright iron nails: these remain 
undissolved and retain their lustre. Fill the bottle completely with 
the saturated solution of carbon dioxide. Have ready a one-holed 
cork attached to a delivery tube, the end of which should be flush 
with the cork. Suck the tube full of water, insert the cork in the 
flask, and place the free end of the delivery tube under a small 
trough or mortar containing a dilute solution of caustic soda. 
Hydrogen is slowly evolved, and in twelve hours 8-20 c.c. will 
have collected according to the quantity of reagents taken. 

Call attention to the lustre of the undissolved iron and to the 
dearness of the solution. Pour off some of the clear solution into 
a flask open to the air. A rUsty-coloured precipitate rapidly 
appears. 
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Expt. 84 .—Iron dissolves in Aerated Water. G. T. Moody, 1906 

The experiment of Moody is amplified for presentation to a 
young class. 

Prepare a weak, almost colourless solution of potassium ferri- 
cyanide. Add a clean iron nail to a portion of this solution ; add 
distilled water to another portion—neither substance changes the 
colour of the ferricyanide. Place a nail in dilute sulphuric acid 
for a few seconds and then pour ofi the clear solution. Add this 
solution to some of the solution of ferricyanide—a deep blue colour 
appears. Now procure a sheet of iron (say 4 inches square), and 
polish it with emery-paper. Bend up the edges slightly so that 
it will hold water. Pour distilled water on the clean surface, and 
after 40 seconds—that is, while the iron is still bright—pour the 
liquid into a cylinder containing potassium ferricyanide. Blue at once 
forms, showing that the distilled water now contains iron in solution. 

Expt. 85 .—Carbonic Acid promotes Rusting: the Mechanism 
revealed. G. T. Moody, 1907 

Place some clean bright wire (or French) nails in the bottom of 
a gas jar. Arrange the nails loosely, heads upwards, some in a 
vertical, others resting in an inclined position. Pour recently 
boiled distilled water into the cylinder until it stands about i| 
inches above the heads of the nails. Close the cylinder with a 
paper cap, thus excluding dust, but allowing the entry of air, and 
place the apparatus for observation. In the course of 24 hours 
the water shows signs of becoming turbid, and shortly aftemards a 
copious separation of brown particles from the solution is distinctly 
observed. The brown particles are continuously formed, and 
gradually settle on the heads of the nails and on the upper parts 
only of those nails which are inclined. The under parts of the 
inclined nails and the vertical nails remain bright, no general 
corrosion of the surfaces being observable. At the end of 7 days 
a thick layer of hydrated ferric oxide has collected on the upper 
surfaces of the nails and also on the bottom of the cylinder. 

Repeat the experiment, or, better, set up a second one, and place 
a sheet of hardened filter-paper, or other material which allows 
of diffusion, in a horizontal position immediately above the nails, 
at the beginning of the experiment. The rust which separates from 
the solution above the paper gradually collects on its upper surface 
and eventually forms a thick layer. 
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Moody argues from this and other experiments that iron first 
dissolves as ferrous bicarbonate, next the ferrous salt oxidises. 

Expt. 86 .—The Corrosion of Iron is Electrolytic. E. J. Bowen, 1932 

Two portions of the same iron rod, one enclosed in a porous pot, 
are immersed in a cylinder of brine. A stream of oxygen is sent 
over the tmenclosed rod, whereon an electric current is set up. 
Iron dissolves at the anode, while hydroxide ions are found in the 
cathode compartment. 

Clean a steel rod, 8-12 inches long, o*i~0‘25 inch in diameter, 
thoroughly with emery-paper, and cut it into two electrodes of 
equal length. Fix one electrode through a cork, into a small 
porous pot, or into a cylinder made of parchment-paper with 
cork ends. Place the electrodes in a beaker and arrange the jet 
of an oxygen delivery tube just under the lower end of the free 
electrode. Place a solution of salt inside and outside the porous 
pot and connect the electrodes to a millivoltmeter—the electrode 
in the porous pot to the negative terminal. Pass a rapid stream 
of oxygen over the outer electrode. A large deflection is obtained, 
the needle slowly returning almost to zero, when the stream of gas 
is cut off. Leave the cell short-circuited for a few minutes. Now 
test portions of the liquid inside and outside the porous pot with 
potassium ferricyanide. The liquid in the porous pot is a solution 
of iron. Test the liquid roimd the cathode with phenol phthalein. 

The interpretation given to this result is that in the presence of 
oxygen iron becomes cathodic—t.e, more “ noble ''—with respect to 
iron protected from oxygen ; in fact, the oxygen makes the iron 
passive. At the anode in the porous pot—i.e. the electrode protected 
from oxygen—iron dissolves. 

++ 

Fe (metal) Fe +2e 

The electrons run round the circuit to the cathode, where the 
depolarized cathodic action takes place— 

JO 2 + HgO + 2 e 2 OH 
Air Dissolved in Water 

That air dissolves in water may be shown: (a) Directly by 
agitating pure water with a confined volume of air and noting 
the contraction when the system is brought to atmospheric pressure; 
(b) Indirectly by boiling out and analysing the gas from water ^ich 
has stood for some time in contact with air. 
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With a young class tap water from a chalk district should not 
be used; or the lesson should be postponed until carbon dioxide 
has been studied, for almost the whole of the dissolved air is ex¬ 
pelled as soon as the water boils, after this a minute but apparently 
unceasing evolution of gas occurs, due to the slow decomposition 
of calcium bicarbonate. Whether or not to consider this gas as 
part of the dissolved air is a difficult question. 

If it is necessary to take th'' lesson with a young class use distilled 
water which has stood in the room and ignore the small amount 
of carbon dioxide. 

It is quite easy in a lesson period of 45 minutes to boil out the 
air and analyse the gas by the burette cup method (Expt. 75). 
The result always shows that nitrogen and oxygen are present in 
a ratio by volume of the order of 2: i. Also, when this result is 
found to be identical with that calculated from the partial pressures, 
it supplies a most cogent argument for the belief that air is a mixture. 
The experiment is therefore better left until a second study of air 
is made, when partial pressures have been taken and their principles 
assimilated. 

Expt. 87.—Air dissolves in Water 

Half-fill a large flask with distilled water and boil it briskly for 
5 minutes to expel air. While the boiled-out water is still hot 
pour it into a small flask which it completely fills. Cork the flask 
and allow it to stand in the lecture-room many hours before it is 
required. Pour the cooled boiled-out water into a 50-c.c. (or, 
better, a loo-c.c.) glass-tap burette until it is three parts full. Open 
the tap momentarily so that the jet below the tap is full of water. 
Close the burette with a rubber bung and shake the air with the 
water for a few minutes. Cool the burette to room temperature 
—for hot hands may have warmed it—and mark the level of the 
liquid with a strip of paper. Open the tap under water; the 
water level in the burette rises to a small but distinct extent—see 
the solubility table, p. 309. 

The solubility of oxygen, nitrogen, carbon monoxide, and methane 
may be shown in the same way. 

Expt. 88.—Air boiled out of Water and analysed 

A litre of water dissolves about 22 c.c. of air at room temperature. 
From a litre of London tap water—^which is often colder than the 
room—about 26 c.c. of gas may be expelled. Therefore when the 
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experiment is done in the lecture-room at least two large flasks 
should be boiled simultaneously. Where the experiment is done 
partly by the class the gas from individual experiments should be 
collected up and analysed by the teacher. 

Fit a large flask with a one-holcd cork and delivery tube. Have 
the end of the delivery tube flush with the cork. Pill the flask 

completely with water. 
Suck the delivery tube 
full of water, and get a 
helper to close the end of 
the tube with a finger 
while the cork is being 
placed in the flask. Ar¬ 
range the flask for healing 
and connect it to a pneu¬ 
matic trough. Place a 
burette or a collecting 
tube full of water over 
the end of the delivery 
tube (fig. 26). Dry the 
outside of the flask, bring 
it to the boil, and sustain 
the temperature until the 
air has been expelled. 

When the burette con¬ 
tains sufficient air for analysis collect the rest of the boiled-out 
gas in a small tube over distilled water. If the gas is being expelled 
from tap water from a chalk district test the small tube with lime 
water—the presence of carbon dioxide is obvious. 

Transfer the burette to a tall cylinder, cool, adjust the levels, and 
note the volume. Now introduce caustic potash into the burette 
by means of the absorption cup (Expt. 75) and agitate the burette 
for a minute. Open the tap of the burette under water, once more 
cool, adjust the levels, and note the volume. 

The treatment with caustic potash may be omitted when the 
gas from distilled water is being analysed, for the volume of carbon 
dioxide is inappreciable. 

Next charge the burette cup with pyrogallol and agitate the 
burette for several minutes (see p. 73). The dark colour reveals 
the presence of oxygen, which can be measured by once more 
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opening the burette under water and taking the reading as before. 
Place a glowing splint in the remaining gas: the splint is at once 
extinguished. Find the volume of the flasks and calculate the 
volume of gas expelled from one litre and the oxygen-nitrogen ratio 
in the expelled gas. 

The following numbers give some idea of the result to be expected. 
The gases were those expelled from London tap water as a class 
experiment, collected up and analysed by myself or my colleagues, 


using the burette cup method. 

Volume of gas analysed 

29*1 

30-4 

32*2 

32*0 c.c. 

,, ,, carbon dioxide . 

2*6 

2*5 

27 

2*6 c.c. 

„ „ oxygen 

8-3 

8-8 

9-2 

8*5 c.c. 

„ ,, nitrogen by difference 

18-2 

19-1 

20-3 

20'9 c.c. 


Germ Life in the Air 

Preliminary Arrangements.—Sterilised nutrient agar, Petri dishes, 
and an incubator will be required. 

It is difficult to prepare and sterilise a small quantity of nutrient 
agar, and where this medium is only occasionally required it is 
better purchased. Dealers supply it in test-tubes plugged with 
cotton wool—order media for ‘ stab ' not for ‘ slope ' cultures. 
The usual bacteriological precautions must be taken in carrying 
out these experiments. Sterilise the Petri dishes before the lesson. 
To do this wash them in hot soda water, rinse in distilled water, 
drain, wrap in grease-proof paper, and place them in a hot oven 
for an hour. Keep the dishes wrapped in the paper until they are 
required. It is a good plan pack the dishes in a tin box before 
placing them in the oven, there is then only one removal to and 
from the oven, and the dishes not required remain in a sterile 
atmosphere. 

If an incubator is not available a serviceable one can be improvised 
from a large tin. Procure from the grocer a 12-inch cube biscuit 
tin. Line the inside with asbestos board. Punch a hole in the lid 
about I inch from the edge for inserting a thermometer (for a neat 
way of making such holes see The Laboratory Workshop, Duckworth 
and Harries), and a second hole in a corresponding position near 
the opposite edge. Place two thermometers in the lid and hold 
them in position by one-holed corks. Special 50° C. thermometers are 
required with the desired temperature range high on the stem. It 

6 
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is necessary to incubate the cultures for 5 days at 22° C, or 3 days 
at 37.® C. Five days is an awkward interval for work in a day 
school, and if a gas regulator is available it is preferable to heat 
to 37® C. However, failing a regulator it is better to heat to 22"^ C., 
where a wider temperature fluctuation is permissible. Fix a mouth 
blowpipe to the gas supply with rubber tubing and arrange a flame 
about J inch high. Cover the jet with an ordinary lamp glass to 
screen it from draughts, and arrange the height of the flame and the 
height of the incubator above it to secure the desired temperature. 
It must be understood by the inexperienced that the temperature 
(in the absence of a regulator) requires frequent watching. The 
flame must be adjusted first thing in the morning, and is apt to go 
out if all the burners in the laboratory are in use. Also it must 
be examined and the temperature adjusted last thing at night. 
Carpet the floor of the incubator with a thick layer of cotton wool, 
add the Petri dishes, then another layer of wool, more dishes, and 
so on. 

An ideal atmosphere for these experiments—viz. one devoid of 
dust-carr5dng currents—is unobtainable in a lecture-room. Still, 
wipe down the bench with a wet cloth and sprinkle the floor with 
water to allay dust in the immediate neighbourhood of the 
experiment. 

Expt. 89.—The Existence of Bacteria in the Air 

Melt the nutrient agar by standing the media tubes in a bath 
of boiling water. Then cool the bath down to 45° or just below 
45° (not above) by adding cold water to the bath and stirring with 
a thermometer. Now hold the tube by its lower end and sterilise 
the outside of the open end by passing it momentarily through a 
non-luminous Bunsen flame. This operation likewise sterilises 
(and chars) the wool plug. Using the left hand, smother the flame 
with the palm, pull out the plug with the little finger, lift the cover 
of a sterilised Petri dish with the index finger and thumb, and 
immediately pour in the contents of the tube. Do not uncover 
the lid of the dish more than is necessary ; it suffices just to raise 
the lid through 45°. Fill several dishes with agar and set them 
aside to cool. 

Open one dish for two minutes to the air of the room, then replace 
the cover, invert the dish and label it. Invert and label an unopened 
dish to act as a control. Expose a third to the open air, another to 
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a crowded form-room towards the end of a lesson when the air is 
stale. Open others in various places according to the number of 
dishes available. Pack each Petri dish in paper and place it in the 
incubator—this obviates the danger of separating dish and lid, an 
accident easily possible with an improvised incubator. Heat the 
dishes for 3 days at 37® C. or for 5 days at 22® C. 

At the end of the incubation period the cultures which had been 
exposed will now be covered with small patches of growth, each 
colony (patch) arising from a single organism. 

Expt. 90 .—Bacteria on unwashed Hands 

A pupil with dirty hands is instructed to touch a plate of nutrient 
agar ; the pupil then cleanses his hands and touches a second plate. 
Both plates are labelled, incubated, and compared. 

Open a dish of nutrient agar and instruct the pupil to touch the 
plate with the fingers slightly spread. Cover, label, and place the 
dish in the incubator. Now have the hands washed—in front of 
the class—with soap and hot water. The pupil dries his hands 
on a sterilised towel—viz. one which has been encased in paper and 
left in the steam oven for a few days. He now touches a second 
dish, which is likewise placed in the incubator for 3 or 5 days, as in 
Expt. 89. 

The result is spectacular and of decided hygienic significance, for 
the colonies of bacteria often reveal the outline of the fingers. 

Some of the manifold implications of the knowledge derived from 
these experiments can now be dealt with: the decay of fruit and 
vegetables in the air, the decomposition of sewage, the value of 
antiseptic and aseptic methods. The work of Pasteur should be 
referred to. 

Expt. 91 .—Sterilisation illustrated 

Place some moistened bread in a small dish. Stand the dish on 
the base plate of a bell-jar and cover the dish with the jar. Arrange 
a second experiment in a similar way, but first sprinkle the bread 
and the inside walls of the jar with diluted lysol (i lysol, 20 water). 

Stand both bell-jars in a warm place. A crop of mould grows 
only in the untreated jar. 

Moisten some bread, stand it in a Petri dish and place it in an 
oven heated to 100® C. for several days. Set the cool dish with 
the bell-jars. No growth occurs, sterilisation has been effected by 
heat. 
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The following literature is of interest:— 

The Composition of Water, by J. R. Partington (Bell). 

The Discovery of the Nature of Air, by Clara M. Taylor (Bell). 

* The Bacteriology of the Air/ Roscoe and Schorlemmer's 
Chemistry, vol. i. 

Experiments on Air, by H. Cavendish, 1785. Alembic Club 
Reprints, No. 3. 

For experiments with liquid air see : H. P. Cady, J.C.E., 1931, 8, 
1027 ; also Lecture Experiments in Physical Chemistry, by H. S. van 
Klooster, 1925. 

Ozone 

The study of ozone might well be omitted until air and oxygen 
are being taken a second time. 

To show convincingly that ozone is an allotrope of oxygen the 
ozone must be prepared in an apparatus full of dry oxygen, and by 
thermal decomposition the ozone must be changed back to oxygen. 
These experiments require an induction coil, or a transformer, a 
suitable supply of electricity, and an ozonisor. However, where this 
apparatus is not available, recourse may be had to the slow oxidation 
of phosphorus in the air, which is accompanied by the formation of 
ozone. By utilising this reaction, sufficient ozone may be produced 
in a lesson period for its simpler properties to be demonstrated, but 
its qualitative and quantitative composition must be omitted, 

A small induction coil worked by a battery of dry cells or of 
accumulators is quite satisfactory. But a large transformer 
operated by the lighting circuit is very effective, and the enhanced 
phenomena are easily seen by a large class. 

The Induction Coil.—For a full description of the construction 
and working of a coil, a treatise on physics must be consulted. 
Suffice to say that small induction coils for school use are commonly 
constructed to take a direct current of 4-16 volts, and are best 
worked by a battery of accumulators. Larger coils—viz. those 
giving a 3-inch spark and upwards—may be purchased, wound 
to take any voltage. Thus if the stipulation be that the coil takes 
240 volts A.C., which voltage will soon be universal in England, 
the coil may be conveniently worked off the lighting circuit. A coil 
thus operated needs no condenser or mechanical make and break, 
but an intermittent current of high frequency is obtained by means 
of an electrolytic interrupter. 
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The Wehnelt Electrolytic Interrupter (A. Wehnelt, 1899).— 
The Wehnelt cell is easily home-made, consisting as it does of 
electrodes of lead or platinum dipping into dilute sulphuric acid. 
An ordinary glass battery jar, say 6x2x3 inches, makes a con¬ 
venient container. Almost fill it with dilute sulphuric acid; 
for 240 volts use i volume of acid to 40 volumes of water. Have 
a band of sheet lead, 2-3 inches wide and 7-8 inches long, as 
the cathode. The anode may be of lead or platinum, and must 
be enclosed in a glass or silica tube having a hole pierced in 
the bottom. An ordinary boiling tube 6x1 in. is suitable, but 
is apt to fracture ; a silica tube of the same dimensions pierced 
with a i-mm. hole is to be preferred. The tube is immersed 
in the electrolyte and held in position by a bridge of ebonite, as 
shown in fig. 28. Use a strip of sheet lead, 7-8 inches long and 
i-ij inches wide, as the anode and bend it into half a cylinder 
to fit the tube. When this cell is used as an interrupter and 
worked off the lighting circuit the frequency of the interruptions 
may reach several thousands per second, and the secondary dis¬ 
charge appears as a brilliant violet flame. The Wehnelt break 
is placed in circuit with the transformer and ozoniser as shown in 
fig. 28. If the electrolytic break is worked for some time the sul¬ 
phuric acid boils, and some spluttering may occur ; however, these 
happenings do not affect the efficiency of the instrument. 

The electrolytic makes far more noise than the mechanical break. 
But this is hardly a disadvantage, for the noise is heard only 
while the jars are being filled with ozone. Indeed, the hum of the 
break and the vivid flame from the secondary coil suitably awe 
and impress the class, and fittingly accompany the birth of such a 
wonderful substance as ozone. 

Precautions.—Those not accustomed to work with a powerful 
coil or transformer should note the following points :— 

1. Do not, while teaching or explaining the apparatus, in¬ 

advertently bend or work over the live coil, or touch any 
part of it or any part of the apparatus in electrical contact 
with it, for a nasty shock may be received. 

2. For the same reason it is not advisable to gather the class 

round the apparatus. 

3. Remember that the shortest gap between the wires from the 

secondary terminals must be where the spark is required. 

4. After switching off the current, do not immediately touch 
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the coil, for a charge often remains which takes several 
seconds to leak away. 

5. It is needless to say that a coil should not be given a greater 
current than that for which it is wound. 


Ozonisers.—The .ozoniser introduced by L. von Babo in 1863, 
and depicted in fig. 27, is easily home-made, and because of its 



simplicity is well suited for showing the qualitative composition 
of ozone. For the odour due to the matter we call ozone is noticed 
in the neighbourhood of a sparking coil at work, and in von Babo's 
apparatus the class see the zone subjected to the action of the sparks 
transferred to the inside of a tube. 

The apparatus consists of a length, say 12 inches, of quill tubing 
DE; or^nary soft glass may be used with a small coil, but if a 
powerful coil worked by the lighting circuit is used the glass must 
be hard and of good quality, otherwise, under the influence of the 
powerful current, the glass bums in spots and then fractures. A 
length, say 6 inches, of platinum wire FG is sealed in the glass about 
an inch from one end, and lies along the inside of the tube. A second 
idatinnin wire ie coiled round the outside portion of the tube wherein 





OZONE 87 

rests the first wire. Thus a 5-inch length of the tube is left clear, 
and this portion is heated when it is desired to show the thermal 
decomposition of ozone. The outside end of the first wire and one 
end of the coiled wire are connected with the secondaries of the 
coil or transformer. Thus the platinum wires are nowhere in 
contact, but when the coil is working the gas inside the tube is 
subjected to the silent discharge. 

The ozoniser devised by B. C. Brodie (1872), depicted in fig. 28, 
is most convenient for general use and is too well known to need 
detailed description. The apparatus is immersed in a vessel filled 
with brine or with dilute sulphuric acid. The tube A is filled with 
the same electrolyte. Stout copper wires WW are connected to 
the secondary terminals of a coil or a transformer and immersed 
in the liquids. Dry oxygen is passed slowly through the annular 
space. 

Expt. 92 .—Preparation of Ozone using von Babo’s Ozoniser 

The lesson may be thus introduced. A peculiar odour is 
noticed in the air round an electrical machine in working, and must 
be due to a gaseous form of matter. The gas is formed when a 
sparking coil is in action, so we arranged for the sparks to be inside 
a tube where the contents could be controlled and the products 
isolated and studied. The experiment is a crucial one, for it shows 
that ozone must be a form of oxygen and for the time being may be 
regarded as oxygen highly charged with energy. 

Assemble the apparatus as depicted in fig. 27. The oxygen may 
be obtained in any of the ways recommended (p. 315), and should 
be dried by passing it through sulphuric acid. If plenty of time 
be available do not in the first place attach the delivery tube H 
until the necessity of dispensing with rubber has been found. 
Sweep out the air with oxygen. Hold a piece of moistened starch- 
iodide paper in the issuing oxygen and note the absence of action. 
Now turn on the current and at the same time pass the oxygen 
quite slowly, say two bubbles a second. The issuing gas has now 
the peculiar odour already mentioned and starch-iodide paper 
held in the gas rapidly turns blue, providing us with a visible 
means of detecting the presence of the new form of matter. 

Join the delivery tube H by means of a rubber connection to 
the end E of the ozoniser and attempt to collect the ozonised 
oxygen in a jar. In a short time the rubber perishes, owing to the 
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oxidising action of the ozone. Now select a delivery tube H of 
bore such as will fit tightly over the end of it. Seal the joint with 
paraffin wax. Collect the ozonised oxygen in dry cylinders and 
jars as required in the experiments below. 

Expt. 93.—Preparation of Ozone using Brodie's Ozoniser (B. C. 

Brodie, 1872) 

The apparatus used is alternative to that of Expt. 92. 

Assemble the apparatus as in fig. 28, wherein is depicted an 
ozoniser, a transformer, and the Wehnelt break in the lighting 



circuit. A small induction coil worked by a battery or accumulator 
may be used in place of the transformer. Slide one end of a long, 
say 12-inch, straight glass tube over the outlet of the ozoniser, 
and seal the join with wax. The other end of the tube may thus 
be heated without melting the wax. Proceed as in Expt. 92 to 
prepare the ozone and show its action on starch iodide and on 
rubber. 

Expt. 94.—Thermal Decomposition of Ozone 

While the ozonised oxygen is passing, heat the portion GE of 
the tube with an almost luminous Bunsen flame (ozone is decomposed 
at 230° C.). Hold starch-iodide paper in the issuing gas ; no colour 
change is noticed, therefore no ozone is present. Test the gas with 
a glowing splint; oxygen is streaming out. Place the starch-iodide 
paj>er once more in position and remove the flame; as the tube cools 
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ozone is once more found in the issuing gases. This experiment 
proves conclusively that ozone is a form of oxygen. 

Expt. 95 .— Action of Ozone on Mercury. W. A. Shenstone, 1892 
Using either of the ozonisers, slip a right-angled delivery tube 
over the exit and pass ozone into a small dry flask. Hold starch- 
iodide paper at the mouth of the flask to indicate when the flask is 
full. Add a small globule of mercury ; cork, and shake the flask. 
The mercury spreads over the flask as a mirror. Add some water 
and shake. The film is destroyed, and the mercury gathers itself 
into globules. 

Expt. 96 .— Lead Sulphide oxidised by Ozone. W. A. Shenstone, 
1892 

Lead sulphide is converted by ozone into lead sulphate. 

Moisten a sheet of filter-paper with a weak solution of lead acetate 
and then dip the paper in a weak solution of ammonium sulphide. 
Hold the paper in the stream of ozone. The black colour changes 
to white. 

Expt. 97 .— Ozone soluble in Turpentine. C. D. Harries, 1908 
Pass ozone into a dry (stoppered) loo-c.c. cylinder until starch- 
iodide paper held at the mouth of the cylinder turns blue. 

Immerse momentarily a long strip of starch-iodide paper in the 
jar to reveal the presence of ozone. Now add 5-10 c.c. of turpentine 
and shake up the contents of the cylinder for a minute. Test the 
atmosphere of the cylinder with a fresh strip of starch-iodide paper ; 
no ozone is found. Pour the turpentine into a small dry beaker 
and immerse a piece of dry (not moist) starch-iodide paper in the 
liquid. The paper turns blue. Show that the turpentine of the 
stock bottle has no action on the starch-iodide paper. 

Expt. 98.—Ozone insoluble in Sulphuric Acid. F. 

Repeat the first half of Expt. 97 using concentrated sulphuric 
acid in place of turpentine. Ozone is found to be insoluble in 
the acid, and may be successfully tested for in the atmosphere 
above the acid even after a week has elapsed. 

Expt. 99.—Formation of Ozone during the Atmospheric Oxidation 
of Phosphorus. E. F. Gorup-Besanez, 1859 
The atmospheric oxidation of phosphorus is accompanied by the 
formation of ozone. Phosphorus is exposed in a confined volume 
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of air. After some minutes the atmosphere above the phosphorus 
gives the reactions for ozone. 

Scrape, under water, the dark coating from 2 or 3 sticks of phos¬ 
phorus, or use sticks freshly removed from a sealed container. Place 
the cleaned phosphorus in a large flask or bottle full of water. 
Pour off the water until the sticks are immersed to only half their 
length. For safety, although the chance of the flask cracking is 
remote, stand the flask in a glass trough. Place a loose cover over 
the mouth of the flask. White fumes soon rise from the phos¬ 
phorus. After a while—a few minutes’ standing is sufficient in 
summer—lower a strip of starch-iodide paper into the flask. The 
paper immediately turns blue. 

For the composition of ozone see Expt. 449. 


Expt. 57a.-~Filling a Balloon with Hydrogen. Audrey H. Heap. 

(Private communication.) 

Hydrogen is first passed into a foot bellows and then forced into 
the balloon. 

The bellows must be of that pattern, as many are, in which the 
air enters by a circular orifice, or by a tube. Remove the cover 
of the air inlet and fit the orifice with a cork carrying a short tube, 
rubber, and clip. Also attach rubber tubing and a clip to the exit 
tube. Deflate the bellows: by pressure with the finger expel as 
much air as possible and then close the clips. Connect the air 
inlet with a kipp or other apparatus arranged to give a supply of 
clean dry hydrogen. Attach the balloon. Keeping the bellows 
compressed with the foot, turn on the gas stream and open the 
inlet clip. Very slowly release the pressure on the bellows. Now 
close the inlet, open the outlet and with a sharp stroke inflate the 
balloon. At once close the exit. Repeat the operation until the 
balloon is suitably inflated. 
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The investigation of the action of heat on familiar materials is 
continued. 

The dry distillation of wood 5delds charcoal, whose properties are 
studied. Carbon dioxide is synthesised and subsequently found 
to be produced in abundance by the interaction of acid and chalk. 
With a junior class the work might now well take the form of a 
research on chalk in the manner and spirit of the method later 
suggested, p. 505. Chalk then becomes the typical carbonate and 
its study leads to soda, the other alkalies, and thence to acids and 
salts. The neutralisation of caustic soda with hydrochloric acid 
yields common salt. From this point the study of the most 
prominent acids, b^ses, and salts, and their decomposition products 
can be taken in any desired order. 

In this chapter hydrogen chloride is taken first because its de¬ 
composition affords chlorine, an element which figures so frequently 
in chemical actions that it is advisable to make its acquaintance 
as early as possible. The volumetric composition of the gaseous 
compounds encountered in this study may be investigated at any 
convenient point, and the atomic theory and laws of combination 
introduced on the lines suggested in Appendix I, p. 509. 

Expt. 100.—The Diy Distillation of Wood 

Wood is submitted to destructive distillation and charcoal, 
wood tar, and wood gas obtained. 

The distillation may be carried out in a vessel of copper, iron, 
or glass. A copper distillation flask, fig. 29 (or the less costly 
copper tube of the dimensions of a boiling tube, fig. 31), is easy to 
charge and fix in position and can be heated rapidly and strongly. 

An iron retort, fig. 30, is not so expensive as a flask of copper, 
moreover, it permits of the heating of a large quantity of wood. 
Seal the lid of the retort with clay or, better, with pyruma putty. 

91 



92 


ACIDS, BASES, AND SALTS 

Connect the stem of the retort to a Woulfe’s bottle or other receiver 
by means of an adapter—that is, a glass tube wide enough at one 



Fig. 29.—Destructive Distillation of Wood, (a) Copper flask half-filled 
with sawdust; (b) receiver for tar; (c) Woulfc’s bottle containing sodium 
hydroxide solution. 


end to take a cork to fit the stem of the retort and at the other end 
of the diameter of ordinary connection tubing. 

In the absence of a metal vessel the distillation may be quite 
effectively carried out in an apparatus of glass assembled along 



Fig. 30.—Iron Retort. 


the lines of fig. 32, with this advantage: the class see that the 
wood is decomposing without the usual production of flame~~that 
is, the decomposition is not ordinary combustion. The tube A 
may be replaced by a retort or a Wurtz flask, and the receiver B 
by a Wurtz flask or a Woulfe's bottle. 
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Any kind of clean wood in the form of small pieces or as sawdust 
will serve. There is usually available in boys' schools an ample 
supply of discarded cricket bats: saw the blades into small pieces, 
say 2 X i X J in., and from them make 
the willow charcoal beloved of artists. 

Charge the vessels of fig. 29 as described 
under the figure. Half-fill the copper 
tube (fig. 31) with wood and close it with 
a bark cork. In the apparatus of fig. 32 
half-fill the distilling vessel with wood 
and the receiver with water. Heat the 31.—Copper Tube, 

metal vessels strongly right away, but heat the glass vessel gently at 
first. Gas soon begins to come over: in the first place collect it in 
jars. Reject a couple of jars as air and ignite the third jar, or attach 
a jet as shown in the figure. Now if possible collect and store a 


A 


B 


Fig. 32.—Distillation of Wood. (Simple Apparatus.) 

quantity of the gas in an aspirator or gas-holder so as to be able 
to carry out the next experiment. Cease heating the retort in 
time to examine the charcoal and wood tar. Dip a strip of blue 
litmus-paper in the aqueous layer of the tar bottle. The litmus 
turns red. The odour of the tar pervades the room. Show the 
charcoal and present sticks of it to those fond of sketching. 
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£xpt. 101.—The Wood-Gas Flame made Luminous 

Fit two jets of silica tubing or clay-pipe stem in the Y-shaped 
tube (hg. 33). In each arm place a loose plug of cotton wool 
and moisten one plug with benzene. Connect D 
to the aspirator of wood gas. Turn on the gas, 
wait one minute for the air to be expelled, then 
light the gas at the jets. The gas impregnated 
with benzene vapour burns with a white luminous 
flame, in striking contrast to the almost non- 
luminous flame of the wood gas. 

Expt. 102 .—Charcoal removes Colouring Matter 

(T. Lowitz, 1785) 

Prepare a stock solution of methyl violet: about 
0*3 gm. of the dye in 500 c.c. of water yields a 
solution of suitable strength. Dilute 5 c.c. of 
this solution to 100 c.c. with water and place 
30-50 c.c. of this diluted solution in a loo-c.c. 
stoppered cylinder; reserve the remainder for 
comparison. If this dye is not available a 
sufficient quantity can easily be obtained as 
follows. The pigment of indelible pencils, typing 
ribbons, and carbon papers (violet-tinted) is usually methyl violet; 
treat the crushed lead or discarded ribbon with a little warm water, 
then filter, and dilute the extract until it is about the tint of 
0'0iiV-KMnO4. 

Add a heaped teaspoonful of crushed wood charcoal to the solution 
and shake for a few minutes. (Ordinary wood charcoal as pur¬ 
chased from the oil shops works well; it is inexpensive and can 
be used in quantity. Before use it should be crushed into pieces 
about the size of rice grains.) 

After shaking with the dye and filtering, or allowing the carbon 
to settle, the hquid is seen to be colourless, or nearly so; if coloured, 
compare its tint with that of the original solution. Wash the 
charcoal with water by decantation ; after the second washing 
the wash water is apparently colourless. Now treat the carbon 
with 10-15 c.c. of alcohol (industrial methylated spirit) ; a deep 
violet solution is obtained. 

£spt. 103.—Charcoal adsorbs Gases 

Historical Note.—The first to devise and record this type of 



Fig. 33. 
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adsorption experiment was the Ahh€ Felix Fontana, the famous 
physician to Duke Ferdinand II of Tuscany. Fontana experi¬ 
mented before the discovery of such an easily adsorbed gas as 
ammonia, and his technique of over a century and a half ago is 
superior to that described below. For he heated a piece of charcoal 
to redness, thus expelling all occluded gases, plunged it under 
mercury and held it there until cool. He then inverted a tube of 
air over the mercury and released the charcoal, which floated up 
into the tube and adsorbed the air. Fontana published his results 
in 1777, but had previously (about 1770) communicated them to 
Priestley, who confirmed them. 

Fill a tube closed at one end, i2Xf-| in., with dry ammonia 
(see Expt. 387). Depress the open end of the tube in a vessel of 
mercury. Have ready a piece of charcoal which has been strongly 
heated out of contact with air. (This may be done by placing a 
lump of charcoal in a small crucible or tin, or on a sand-bath tray, 
covering the charcoal completely with sand and heating strongly 
for a few minutes.) 

Raise the tube almost to the surface of the mercury and, using 
the fingers, introduce the piece of cold charcoal into the tube. 
Immediately depress the tube lower in the mercury. The charcoal 
rises to the surface of the mercury, and adsorbs the ammonia, 
consequently the mercury rises almost to the top of the tube, 

Expt. 104.—Gases expelled from the Adsorption Complex 

The gases adsorbed on charcoal are removed by suction. Tie a 
piece of lead to a walnut-sized lump of wood charcoal and submerge 
the combination in a beaker of water. 

Stand the beaker on the glass base plate of a bell-jar and cover 
it with the jar, having beforehand well lubricated the ground-glass 
rim at the base of the jar. Replace the stopper of the bell-jar by 
a one-holed cork carrying a glass tap. Connect the tap to an empty 
filter flask and this with a suction pump. Close the tap and give 
the pump several strokes. Now open the tap ; a stream of bubbles 
flows out of the carbon. 

Carbon Dioxide 

Expt« 105.—Prepaxation of Carbon Dioxide from Chalk 

Carbon dioxide is produced by the interaction of chalk and 
hydrochloric acid. The gas is collected in the first place over water, 
later on by upward displacement of air. 
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Fit up an apparatus such as that of fig. lo ; the flask may be 
replaced by a two-mouthed Woulfe's bottle. Break about 20 gm. 
of stick chalk into pieces each about i cm. cube and slide them 
into the flask. Dilute some hydrochloric acid with its own volume 
of water and pour into the flask a few c.c. at a time as required. 
Collect the gas in jars and cylinders. Consider the first jar to be 
air and discard it. 

A Supply of Carbon Dioxide.—This method of preparation 
sutfices for a ‘ Research on Chalk/ or for demonstrating to a 
junior class the simpler properties of carbon dioxide. For some 
of the experiments below, and others later to be described, a larger 
supply of gas is desirable. Further, the gas is frequently required 
to provide an inert atmosphere and an ever-ready supply should 
be available. This may be obtained: 

{a) From a cylinder of liquid gas. 

{h) From a Kipp—charged with lumps of marble the size of small 
nuts and concentrated hydrochloric acid. 

(c) From any of the pieces of apparatus described on p. 49, 
likewise charged with marble and acid. 

A supply of pure gas may be obtained by heating sodium bi¬ 
carbonate. Three-parts fill an ordinary test-tube with sodium 
bicarbonate, add a loose plug of asbestos wool. Close the tube 
with a one-holed cork and delivery tube. First heat very gently 
the portion of salt nearest the asbestos and pass the issuing gas 
through a wash-bottle of sulphuric acid. 

The gas prepared by the interaction of marble and hydrochloric 
acid may be purified by passing it through two wash-bottles, the 
first containing a saturated solution of sodium bicarbonate, the 
second concentrated sulphuric acid. 

Expt. 106.—Properties of Carbon Dioxide 

(a) Reaction with Lime Water 

Pour about 20 c.c. of lime water into a jar (or, better, a cylinder) 
of the gas and shake. The liquid goes milky. With a junior class 
it is advisable here to repeat the synthesis of carbon dioxide 
(Expt. 34 (&)) and show that the product extinguishes a burning 
taper and also turns lime water milky. The identity of the gas 
produced by the interaction of acid and chalk is thus established. 

(b) Relation to Combustion 

Plunge a burning taper into a jar of the gas. 
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(c) Action with Water 

Fill a tube closed at one end, say 12 x | in., with gas. Remove 
it from the trough and clamp it with its open end in a jar of 
water. The water dissolves the gas and slowly rises in the tube. 

Shake a cylinder of the gas (use gas freed from hydrochloric acid) 
with good-quality blue litmus solution. The litmus turns a port- 
wine red. Alternatively, hang a strip of moistened blue litmus- 
paper in a jar of pure carbon dioxide. Fill a loo-c.c. stoppered 
cylinder with the gas, add about 30 c.c. of distilled water and shake 
for a few minutes. Pour the solution into a small flask and warm 
it gently. When the bubbles of gas begin to come off vigorously 
remove the flame, so that the phenomenon shall not be mistaken 
for boiling. 
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Expt. 107.—Carbon Dioxide is heavier than Air 

This may be demonstrated in a variety of ways : 

(a) Pour a jar of the gas into an ‘ empty ’ jar as if pouring out 
water and test the lower jar with a burning 
taper or by adding lime water.—M. Faraday, 

1827. 

(b) This experiment suggests an alternative 

way of collecting carbon dioxide—namely, 
by upward displacement of air. Change the 
delivery tube of the preparation flask to that 
used in fig. 34 and pass the gas into a jar 
until a taper, with the burning end uppermost 
-—so that the flame shall be small—held just 
outside the mouth of the jar, is extinguished. 34 - 

(c) Suspend a large beaker from one arm of a balance and proceed 
as in Expt. 54, except that this time the beaker is not inverted. 
Pour in carbon dioxide, or pass in a stream of the gas ; the difference 
in weight is obvious. 

(d) Cover a large beaker or bell-jar with cardboard through which 
a hole has been pierced for the entry of a delivery tube. Fill the 
beaker with carbon dioxide by displacement of the air. Fasten a 
small beaker to a length of string and lower it into the large beaker 
as a bucket is lowered into a well. Draw up the small beaker and 
pour the contents into a jar containing lime water. 

{e) Place a small length of lighted candle on the bench and gently 
pour a jar of carbon dioxide over it. In doing this pour the gas 

7 
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so that the front edge and not the centre of the jar moves almost 
over the candle, for the gas receives a forward as well as a down¬ 
ward impetus while the jar is being inverted. 

(/) Float a soap bubble on carbon dioxide (F. Kessler, 1869). 
Pass carbon dioxide, free from hydrogen chloride—‘which would 
spoil the bubble—into a large beaker until the beaker is almost 
half-full. Ascertain this by means of a lighted taper. To form 
the bubbles, use a length of straight glass tubing about the dimen¬ 
sions of a lead pencil. Blow the bubble, keep the end of the glass 
tube open and carry the bubble to the mouth of the bell-jar. Close 
the tube with the finger, then jerk the hand to detach the bubble. 
The bubble will live for a considerable time. For comparison, 
drop a bubble into a similar beaker containing air. 

Expts. c~/, and several others illustrating the heaviness of 
carbon dioxide, were shown by Professor W. Odling in 1868--1869. 

The determination of the density of carbon dioxide, Expts. 391,395,' 
and Expt. 408, on its volumetric composition, might well follow here. 

Expt. 108 .—Absorption by Caustic Soda Solution 

Open a tube of carbon dioxide under a solution of dilute caustic 
soda solution. The liquid rises rapidly and fills the tube. 

Expt, 109 .—Identity of the Gas in Soda-Water. W. Odling, 1869 

Have ready a bottle of soda-water and delivery tube with cork 
attached of the size to fit the soda-water bottle. 

Open the bottle, insert the cork of the delivery tube, and allow 
the issuing gas to pass into a cylinder of lime water. 

Solid Carbon Dioxide.—The increasing production and use of solid 
carbon dioxide (Dryice, Drikold) promises to make this substance 
a familiar household commodity. It is well therefore that pupils 
should become acquainted with it and learn to handle it rightly. 
The solid is somewhat expensive to make from a cylinder of the 
liquid. However, a small quantity of the liquid can be solidified 
for the informative value of the process and then a quantity of 
solid purchased for carrying out experiments. At present (1936) 
the smallest quantity of the solid sold by the makers is a cylinder 
14 inches long, 7 inches in diameter, having a reputed weight of 
25 lb. when delivered, and costing 6s. 3d. Nevertheless, small 
amounts may be purchased for a few pence from intermediate 
agents. A 25-lb. block left exposed will not entirely evaporate 
until 24 hours have passed. In an insulated container the loss is 
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2 per cent, in 24 hours. A small amount is best stored in a thermos 
flask filled with cotton wool. 

The material sold by the I.C.I. has a density of i*2. Although 
its temperature is C. a piece may be placed safely on the 

hand, because a cushion of carbon-dioxide gas forming a non¬ 
conducting atmosphere rests between the hand and the solid. 
Yet the substance must not be pressed between the fingers or 
frost-bite will result. 

It is therefore advisable to wear gloves when handling the solid 
and to use wooden instruments when working it. 

Expt. 110 .—Preparation of Solid Carbon Dioxide. W. Odling, 
1869 

A cylinder of liquid carbon dioxide and a special metal box 
(fig. 35) (suggested by Natterer) to hold the solid are required. 

The liquid gas is throttled to one-atmosphere pressure; about 



Fig. 35.—Natterer's Box for solid Carbon Dioxide. 


f of the gas escapes, cooling the remainder to a temperature below 
the point of solidification. 

Lay the cylinder on the bench, elevate the end, by supporting 
it on a wood block, so that the cylinder slopes down to the valve. 
Have the nozzle pointing to the floor. Natterer's apparatus con¬ 
sists of two metal cylinders each having a hollow han^e insulated 
with wood. The two cylinders lock together by a simple mechanical 
device and constitute a receiver for the solidified gas. One of the 
half-cylinders contains an inlet tube for the liquid carbon dioxide. 
As the liquid enters the receptacle a portion gasifies, creates a 
great pressure, and rushes out through the fine holes in the handles, 
cooling the remainder, which solidifies to a fluffy white crystalline 
mass. Join the nozzle of the cylinder to the inlet tube of the 
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metal box by means of rubber tubing. Get an assistant to hold 
the box—by the wooden handles: in addition gloves may be worn, 
or the handles covered with a folded duster. It is needless to say 
that the operation is perfectly safe, but it is advisable for the 
assistant to know the prevailing conditions. The metal box should 
not be touched with the naked hand, neither should a finger be held 
in the stream of cold gas. Give the valve key a good turn so that 
the gas, as a whitish stream, rushes out several inches beyond the 
end of the handles. In 30 seconds a considerable quantity of solid 
will have formed. If a boxful is desired, keep the gas on until 
solid flakes appear in the streaming gas. The feathery solid will 
keep for only a few seconds unless it be compressed ; but it may be 
kept in a thermos flask. It may be compressed in a piece of hollow 
cardboard or wooden tubing. Have such a cylinder ready. Open 
the metal receptacle, empty the solid into a cardboard box, and 
wearing gloves and using a wooden spoon convey the solid by 
portions to the cylinder—one open end pressed firmly on a piece 
of clean wood—and ram the crystals down with a suitable piece of 
wood. Push out the cake so formed and place it on the naked 
hand. Pass it round the class, letting each pupil hold it on his hand 
but giving the caution that it must not be pressed between the 
fingers. 

Place a level teaspoonful of the fluffy crystals in a dry empty jar 
and let the class watch them disappear. Now attempt to put a 
burning taper into the jar—^it seems most weird that the apparently 
empty jar extinguishes the taper every time the latter is introduced. 

Treat a similarly prepared jar with lime water. For another use 
of solid carbon dioxide see Expt. 260. 

Expt« 111.—Carbon Dioxide decomposed by Magnesium. F. 

Kessler, 1869 

Burning magnesium is plunged into a flask of carbon dioxide ; 
magnesium oxide is formed and carbon liberated. 

Use a short-necked flask of 500 c.c. or more. Fill the flask with 
dry carbon dioxide by displacement of the air. To do this pass in 
carbon dioxide until a taper, burning with a small flame, held just 
outside the neck of the flask is extinguished. Make a long spiral 
of magnesium ribbon by coiling the ribbon round a lead pencil. 
Hold the spiral with tongs vertically over the mouth of the flask. 
Ignite the magnesium and calmly lower it into the centre of the 



DECOMPOSITION OF CHALK 101 

flask. (The light of the burning magnesium is dazzling, hence it is 
advisable to have the spiral in position before it is ignited ; alter¬ 
natively blue goggles may be worn.) Shake the contents of the 
flask with a little water and dip a strip of red litmus-paper into it. 
Now add hydrochloric acid, the magnesium oxide dissolves and a 
black product (carbon) floats. If time allows, collect and dry the 
black product, heat it in a combustion tube, pass oxygen over and 
send the issuing gas into lime water. 

Carbon dioxide is afforded easily and in abundance by the inter¬ 
action of chalk and acid. The question at once arises: From whence 
came the gas ? As already suggested, with a junior class the work 
may well take the form of an investigation of chalk in the manner 
suggested in Appendix I, p. 505. The investigation should be a 
combined effort of the laboratory and lecture-room. Some of the 
salient experiments are given below. 

The Thermal Decomposition of Chalk 

This decomposition cannot be conveniently done in a glass tube 
since a brisk evolution of gas is not obtained until a temperature 
of 700-800° C. is reached. The experiment is, however, easily 
carried out in a test-tube of thin iron or in a short length of ordinary 
silica quill tubing. 

Expt. 112.—Carbon Dioxide obtained from Chalk 

(a) Using Silica Tubing. F, 

Seal with a rubber connection and a glass plug one end of a 
6~8-inch length of silica tubing of 3-4 mm. internal diameter. 
To the open end attach a delivery tube leading into lime water. 
Place a few chips of chalk in the centre of the tube and heat that 
portion of the tube with a roaring Bunsen flame: carbon dioxide 
is evolved in less than two minutes. 

This simple method of decomposing chalk is extraordinarily 
rapid and effective: in a lesson period the tube may be severally 
recharged with chips of marble, calcite, aragonite, and oyster shell, 
the experiment repeated, and all these substances shown to contain 
carbon dioxide. 

(b) Using an Iron Tube 

Test-tubes made of thin sheet iron may be purchased ; they 
are not expensive and will last a lifetime. Place a few grams of 
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chalk towards the closed end of an iron test-tube, add a one-holed 
cork and delivery tube dipping into a cylinder of lime water. 
Make the closed end of the tube red-hot. First air is expelled, 
then a gas is evolved which turns the lime water milky. Carbon 
dioxide is therefore a constituent of chalk. To examine the residue, 
we heat chalk strongly in the open air. 

The preparation of lime in quantity is not a very suitable lecture 
experiment since the heating must be prolonged for 15-20 minutes, 
and the noise of the roaring flame is distracting. The small amount 
made in the lecture-room should be supplemented by larger amounts 
prepared beforehand. Heat lumps of chalk or marble in a muffle 
furnace for 12 hours. While the product is still hot, store it in a 
tin. If a muffle furnace is not available place lumps of marble— 
bigger than walnuts—in an ordinary household fire until they are 
red-hot. A few hours in one of the modem household water-boilers 
stoked to a red heat is ample. Remove the lumps with tongs and 
place them in a tin with a tightly fitting lid. WTien it is desired to 
prepare a small quantity of lime in the lecture-room proceed as 
follows:— 

Expt, 113.—Lime prepared by heating Chalk 

Bore a hole with a small bradawl (or drill) in a piece of chalk 
weighing about i gm. Use the square-cut stick chalk (not the round 
moulded blackboard crayon, which is usually calcium sulphate). 
Spit the chalk on a 2-mm. porcelain rod or a thick iron wire ; support 
the rod on a small retort ring or pipe-clay triangle just above the 
blue cone of a roaring Bunsen flame. Heat the chalk strongly for 
15-20 minutes, rotating it occasionally. Have two such pieces 
heating. Weigh the chalk before and after if desired. After 5 
minutes’ heating darken the room—the white glow of the lime¬ 
light is easily seen. Allow the product to cool. Place one cold 
piece in a dry test-tube and add drops of water from a pipette— 
the swelling and crumbling of the solid and the evolution of steam 
are easily seen. Supplement this experiment by treating in a similar 
fashion one of the large pieces of lime prepared beforehand. Stand 
the lump on a tile supported on a tripod and add water by drops 
from a pipette. If the lime is of good quality, much ' steam ' will 
be evolved and the lump will ^well .and break up into dry powder. 

Place some of the slaked lime in a flask, add dilute acid and show 
that no effervescence occurs. Should a small effervescence occur, 
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take an amount of chalk equal in bulk to the lime, place it in a 
second flask, and likewise treat it with the dilute acid, for comparison. 

Shake some of the slaked lime with water in a flask: the lime 
seems insoluble. Filter the liquid. Dip a strip of blue litmus-paper 
in the filtered solution. Let a pupil blow through another portion. 

Expt. 114. —Lime Compounds tint the Flame 

A necessary accessory to the scientific study of chemistry is the 
ability to identify with certainty the various substances which have 
been met with. The flame tint of calcium should, therefore, be 
shown ; for the time being, the tint can be called that of compounds 
of lime. 

Place some slaked lime on a watch-glass, moisten it with excess 
of concentrated hydrochloric acid, dip a clean platinum wire into 
the liquid and hold the wire in the Bunsen flame. Show that the 
acid by itself imparts no colour to the flame. 

Moisten one edge of a big lump of chalk or marble with concen¬ 
trated hydrochloric acid and bring the edge almost into the Bunsen 
flame. The effervescence of the carbon dioxide carries the calcium 
chloride into the flame and a splendid tint is obtained. 

The Qualitative Composition of Lime.—The result of heating chalk 
strongly is to split it up into a gas, carbon dioxide, and a solid, which 
is recognised as the familiar substance lime. Since lime withstands 
a white heat without suffering decomposition the question arises : Is 
lime an element ? Its solution turns litmus blue, a phenomenon also 
shown by the oxides of magnesium, sodium, and potassium, whose 
composition has been established by synthesis. The properties of 
lime, moreover, closely resemble those of magnesium oxide. Now 
by common experience lime cannot be reduced by carbon, or it 
would be so reduced in the limekiln. Furthermore, the heating of 
lime by an oxy-hydrogen flame to give ' limelight' shows that lime 
is not reduced by hydrogen. 

The teacher here must take the lead and introduce two new 
elements—calcium and chlorine. The introduction of a substance 
hitherto unknown to the class is frequently necessary in chemistry. 
(In the ordinary course the class would meet chlorine in a few weeks 
see also the comment on p. 507.) 

Expt. 116.—Oxygen obtained from Lime. Humphry Davy, 1810 

The element dilorine is passed over heated lime : a gas is collected 
which is identified as oxygen. 
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Set up an apparatus for the preparation of chlorine and add a 
wash-bottle of sulphuric acid to mark the rate of flow of the gas. 
Place a few grams of quicklime in a hard-glass tube. Connect one 
end of the tube to the chlorine supply and the other to a pneumatic 
trough with a gas jar in position, both filled with a dilute solution 
of caustic soda. The tube only requires heating gently. Pass the 
chlorine over at the rate of about two bubbles per second. When 
the reaction is going steadily let one half of the class count the 
chlorine bubbles while the other half counts the oxygen. The 
result is surprisingly near the accepted value. Test the gas with a 
glowing splint, also call attention to its freedom from colour. There 
is no need at this stage to complicate the lesson by detailing the 
preparation of chlorine. Call attention to the green colour of the gas 
in the wash-bottle, and at the end of the experiment open the wash- 
bottle and show that the gas extinguishes a glowing splint. 

If lime be a metallic oxide, as this experiment seems to indicate, 
then the metal in lime must be present in abundance in the earth’s 
crust. We could, therefore, synthesise the oxides of all known 
metals, sort out the white oxides and find out which one has the 
properties of lime. The teacher makes a short cut by introducing 
the metal calcium. 

Expt. 116.—Synthesis of Calcium Oxide 

Calcium cannot be held in a deflagrating spoon, ignited and burnt 
in oxygen in the usual way, but the combustion may be successfully 
accomplished by the following method, due to E. D. Goddard. 

The calcium, supported in an iron spoon, is heated strongly in a 
stream of oxygen. Two good Bunsens are needed and a supply 
of oxygen from a cylinder or aspirator. To the delivery tube from 
the oxygen supply attach a small length (4-6 inches) of silica tubing 
or a piece of the stem of a clay pipe. Clamp an iron tablespoon over 
one Bunsen and make the spoon as hot as possible. Turn on the 
stream of oxygen. Now place a piece of calcium, about |-inch cube, 
in the spoon and heat it on top with the second Bunsen, as in fig. 36. 
When the calcium is as hot as possible, scratch it with the pipe stem 
to knock off the coating of lime in one spot. The calcium bursts into 
flame and burns to lime completely. Investigate the cold product, 
and show that it has the properties of lime. 

Meanwhile the class carry out quantitative experiments in the 
laboratory, such as finding the volume and weight of carbon dioxide 
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in I gm. of chalk ; the amount of lime in chalk and the equivalent 
of calcium. Of the several quantitative determinations connected 
with the analysis of chalk, the one which the class carries out most 
accurately should be used to show the chemical identity of the 
various forms of calcium carbonate. Distribute among the class 



Fig. 36.—Synthesis of Lime. 

marble, natural chalk, whiting, precipitated chalk, calcite, aragonite, 
coral, and oyster shell, and let the pupils find either the percentage 
of lime or chalk in each. If well done, the results afford an excellent 
example of the law of constant proportions. 

Expt. 117.—Qualitative S 3 mthesis of Chalk. F. 

Take some of the S5mthesised lime and shake it up with 200-300 
c.c. of water in a large flask or bottle. Filter the liquid and place 
it in a flask. Pass in carbon dioxide, the formation of a white 
precipitate indicates chemical action. After 2 or 3 minutes turn 
off the carbon dioxide and boil the liquid. The boiling changes 
the gelatinous chalk to the powdery form, which settles easily, and 
likewise shows the class that the white product is insoluble. 
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Decant away most of the water, transfer some of the suspension 
of chalk into a test-tube and treat it with dilute acid. Call attention 
to the effervescence and show that it is due to carbon dioxide. 
Heat some of the solution of chalk in acid on a platinum wire in 
the flame. The red tinge which calcium imparts to the flame is 
obtained. The product has therefore the properties of chalk. 
Consequently chalk is a compound of an acidic oxide and a basic 
oxide. Such a compound will later on be known as a salt, and 
chalk is a good example of an insoluble salt. 

The term carbonate is now introduced and the informative name 
—calcium carbonate—adopted. The reactions which serve for the 
recognition of carbonates are applied to familiar substances. 

Expt. 118.—Other Forms of Calcium Carbonate 

Marble, calcite, aragonite, limestone, coral, and oyster shells are 
recognised as calcium carbonate. Have these on view, and show 
that as individual substances they arc superficially distinct. 

Use a small flask, one-holed cork, and delivery tube. Place 
marble in the flask, add dilute nitric or hydrochloric acid, and 
pass the issuing gas into a cylinder of lime water. Hold a piece 
of marble in the fingers, moisten an edge with concentrated 
hydrochloric acid, then place the edge in a Bunsen flame. Marble 
is free from sodium, consequently a splendid calcium-red tint is 
imparted to the flame—far different from the yellowish-orange tint 
given by precipitated chalk, which invariably contains adsorbed 
sodium carbonate. 

Treat the other substances, one by one, in a similar way. The 
work on chalk and its component oxides should now be rounded 
off according to the aims of the teacher and the ability of the 
class (see p. 508). For junior students chalk is the typical carbonate, 
and its chemistry leads to the study of the alkalies. 

Continuing the more formal chemistry, white lead, magnesite, 
any special local mineral such as ankerite (ferrous calcium carbonate, 
found in coal strata), or witherite, copper carbonate, and soda should 
be tested and found to be carbonates. 

Heat some of these substances severally in test-tubes: copper 
carbonate breaks up at a low temperature, lead carbonate at a 
moderate temperature, and sodium carbonate not at all. The 
class could be informed that sodium carbonate does slowly decom¬ 
pose at a white heat. It is possible here to formulate a generalisation 
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—viz. that all carbonates, at varying temperatures, dependent 
upon the relative activity of the metallic component, break up into 
carbon dioxide and a metallic oxide. 

Bxpt. 119.—Chalk dissolves in Carbonic Acid. F. 

Fill a loo-c.c. stoppered cylinder with clean carbon dioxide -and 
pour 20 c.c. of lime water into it. The usual white precipitate 
of chalk appears. Shake up the contents for a minute. The 
cloudy liquid comes clear again, the chalk having entirely dissolved. 

Note.—100 c.c. of a saturated solution of lime require (at room 
temperature) 52-53 c.c. of carbon dioxide to form chalk, and 
104-105 c.c. to form calcium bicarbonate. 

Boil the solution of chalk in a small flask : carbon dioxide is 
liberated and chalk reprecipitated. Now discuss the formation 
of * fur ' in kettles and boilers. Have some ‘ fur ' at hand and show 
that it contains calcium and carbon dioxide. 

The Study of Chalk: its Cultural Aspect.—The study of chalk 
should not end with its formal chemistry, but some of the extra¬ 
ordinary and manifold interests of the substance should be recounted. 
It is a good plan to make a temporary collection of the various 
forms of calcium carbonate. Many a boy has at home an odd 
specimen of coral, calcite, or a stalagmite which he will willingly 
lend. Again, some of the pupils will have visited Kent's Cavern 
near Torquay, the Cheddar Gorge, the caves of Derbyshire, or 
other localities where magnificent specimens of stalactites and 
stalagmites may be seen, and where the action of water on lime¬ 
stone rocks is laid open to view. Apart from its economic value, 
and therefore its commercial uses, the study of chalk affords splendid 
opportunities of linking the study of chemistry with biology, 
agriculture, geography, geology, and oceanography. With senior 
students taking a cultural course there is ample scope for digressions 
into matters of economic and industrial importance. The signi¬ 
ficance of England’s position on the Great Chalk Plain, the action 
of lime on soil, the function of carbon dioxide in plant life, the r61e 
of the ocean in regulating the amount of carbon dioxide in the 
atmosphere, the formation of shell and coral, the presence of arago¬ 
nite in shells and its absence in chalk hills, are among the many 
fascinating topics which may be treated. 

Note.—The three following sections—viz. The Hardness of Water, 
Carbon Monoxide, and The Simple Hydrocarbons—form a natural 
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continuation of the work on carbon and chalk. However, with 
a class taking a short course of elementary chemistry it is better 
to omit most of these three sections and proceed straight to alkalis 
(p. 125). With a junior class taking a longer course omit these 
sections at first and proceed to the study of alkalis, which easily 
links up with the lessons on chalk. 

For other experiments on chalk see: The Activity of Different 
Forms of Calcium Carbonate (Expt. 486) ; Chalk isolated from 
Sea-water (Expt. 302). 

Some helpful literature on this section :— 

On a Piece of Chalk, by T. H. Huxley. 1868. Reprinted 
in Essays Biological and Geological, 

‘A Piece of Chalk,’ by P. G. H. Boswell. Science Progress, 1933, 
28, 193. 

Limestones, by F. J. North (Murby), 

Common Stones, by Grenville A. J. Cole. 

The Production and Uses of Solid Carbon Dioxide. I.C.I. 
booklet. 1934. 

On Magnesia Alba, by J. Black. 1755. Alembic Club Reprints, 
No. I. 

The Hardness and Softening of Water,—Most of the experiments 
in this section are better done by the class in the laboratory. 
Teachers working in districts where the water is soft should prepare 
hard water by diluting a saturated solution of lime with about 
10 times its volume of tap water, and adding a small amount of 
magnesium sulphate, say 0*25 gm. of the hydrated salt per litre. 

Perhaps it were better to omit the term ‘ Degree of Hardness ’ 
until the various bodies of professional chemists have decided what 
shall constitute a degree of hardness. At present three values are 
in general use: 

A. I grain of chalk (or its equivalent) per gallon of water. 

B. I gram of chalk (or its equivalent) per 100,000 c.c. of water. 

C. I gram of lime (or its equivalent) per 100,000 c.c. of water. 

A, B, C are as 1:07: 1*25. 

Those chemists who think of the hardness of water in terms 
of the soap required to soften the water are dissatisfied with all the 
above standards, since the amount of soap required for waters 
of varying hardness does not accurately correspond with the 
amounts of calcium and magnesium salts present. 
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Iixpt. 120.— Tap Water contains Salts in Solution. F. 

Have several pairs of gas jars on the bench, one of each pair 
containing tap water, the other distilled water. To the pairs of 
jars add severally a few c.c. of solutions of sodium carbonate, 
ammonium oxalate, silver nitrate, barium chloride, and soap 
solution. If the tap water is hard a white precipitate will appear, 
immediately or in a minute or two, in each jar of tap water, while 
the distilled water remains clear. 

Meanwhile fill a watch-glass with tap water and heat it gently on 
a sand bath. When the water has evaporated show the deposit 
of soluble matter. 

Preparation of a Soap Solution. —A satisfactory soap solution for 
this series of experiments can be rapidly and inexpensively made 
by dissolving soft soap in water. Purchase the quality known as 
‘ green ' soft soap. Suspend lo gm. in 50 c.c. of water in a beaker 
and warm the water for a minute until solution is effected. Dilute 
with water to 500 c.c. and thoroughly mix the solution. The 
solution obtained is clear, but goes cloudy in a few days. If a clear 
permanent solution be required, half the water must be replaced 
by glycerine or alcohol. 

Expt. 121.— Hard and Soft Waters titrated with Soap Solution 

Fill a burette with the above soap solution. Place 50 c.c. of 
distilled water in a white-glass medicine bottle or a stoppered flask, 
add I c.c. of soap solution, and shake the bottle (the time of shaking 
has no effect on the permanency of the lather). A stiff, permanent 
lather forms. Leave the bottle on the bench, so that the lather 
may serve as a standard and its long life be noted. Repeat the 
titration in a second bottle, using 50 c.c. of tap water. Add the 
soap solution i c.c. at a time until near the end (the teacher should 
know the expected reading), when proceed by 0*2 or 0*5 c.c. until, 
after shaking, a lather of the same size and life as the standard 
is obtained. At this stage sufficient soap has been added not only 
to precipitate all the calcium and magnesium salts, but in addition 
to form a lather. 

If time permits, titrate rain water—collected after rain has fallen 
for some time—river or well water, if obtainable, and in chalk 
districts boiled water. For an effective result the water must be 
boiled vigorously for 10-15 minutes, or down to small bulk, other¬ 
wise the bicarbonate is not decomposed. Cool, and dilute to the 
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original volume with distilled water. The soap required easily 
shows that some hardness has been removed. 

The Softening of Hard Water. —Of the several ways of softening 
water two widely used in industry—the lime-soda method and the 
base-exchange (permutite) method—lend themselves to lecture 
illustration. 

Of the salts—calcium and magnesium bicarbonate—causing the 
so-called temporary hardness, the whole of the former and most 
of the latter may be removed by the addition of a calculated amount 
of lime. Thus, paradoxical as it may seem, hard water is softened 
by the addition of the extremely hard lime water. 

CaH 2 (C 03)2 +Ca(0H)2 == 2 CaC 03 + 2 H 2 O 
MgH 2 (C 03)2 + Ca(OH)2 == MgC 03 + CaCOg + 2 H 2 O 

As is well known, the magnesium is not completely precipitated, 
since both the carbonate and hydroxide are appreciably soluble. 
In the industrial process the permanent hardness—due to the 
presence of calcium and magnesium sulphate—is removed by the 
addition of the calculated quantity of sodium carbonate. The 
determination of the temporary hardness and its removal with lime 
make satisfactory lecture experiments, but the determination of 
the permanent hardness should be done in the laboratory. 

Expt. 122 .— Temporary Hardness removed by Lime. F. 

The amount of lime, say x equivalents, in solution as calcium 
bicarbonate in a litre of hard water is found by titration with a 
standard acid. The lime-water reagent solution is likewise titrated 
and the volume of solution, say y c.c. containing x gm. of hme, is 
calculated. To a litre of hard water y c.c. of lime water is added, 
whereon chalk is precipitated. Definite volumes of another portion 
of the original hard water and the lime-treated water are then 
titrated with soap solution. 

Take a definite volume, say 200 or 500 c.c. of tap water, add an 
indicator which is not affected by carbonic acid, methyl orange or 
bromphenol blue are suitable (see the writer's Volumetric Analysis — 
Bell), and titrate with o*iiV-HCl to the neutral point of the indicator. 
The acid used is exactly equivalent to the lime present as calcium 
bicarbonate. Now titrate 50 c.c. of lime water from the reagent 
bottle with the same standard acid, and calculate what volume 
of reagent lime water contains lime equal to that in a litre of hard 
water. In an actual experiment 500 c.c. of London water and 
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31*9 c.c. of reagent lime water, each required 14-0 c.c. of o*i 7 V-HCl 
for neutralisation. 

To 500 c.c. (or other suitable volume) of tap water add 31-9 c.c. 
of lime water. On standing about 10 minutes in the cold, or on 
warming a few seconds, the liquid becomes cloudy owing to the 
precipitated chalk. 

Filter a portion for titration with soap solution ; allow the rest 
to stand so that the chalk may settle, and afterwards be removed 
and identified. 

Titrate 50 c.c. of the filtered solution with the standard soap; 
a considerable decrease in hardness is found despite the addition 
of the extremely hard lime water. 

Titrate also 50 c.c. of the reagent lime water to show its high 
degree of hardness. Titrate also with the soap solution 50 c.c. 
of a fresh portion of tap water, if this has not already been done. 

Softening by Base-Exchange : The Permutit Process. —This 
process involves the chemistry of exchange adsorption. A clay 
which has adsorbed sodium ions is placed in the hard water ; 
calcium ions are preferentially adsorbed and their place in solution 
taken by sodium ions. 

(Al203):v(Si02)yNa20 +Ca ~ (Al203)%(Si02)yCa0 +2Na 

Adsorption is widely prevalent, the conception is easy of apprehen¬ 
sion, and the simpler phenomena may be convincingly illustrated 
by experiments involving changes of colour. The actual experi¬ 
ment on the softening of water should therefore be prefaced by 
Expt. 498 on simple adsorption, and Expt. 499 on exchange- 
adsorption. 

Expt. 123. — Hard Water softened by Permutit. E. J. Williams, 

1933 

A specimen of water whose hardness is known in terms of a soap 
solution is poured once only down a tower filled with permutite. 
The issuing water, on titration with soap solution, is found to be as 
soft as distilled water. 

Insert a perforated plate in the lower constriction of a lime-tower. 
Add a 3-cm. layer of gravel—to imitate the industrial process—then 
nearly fill the tower with permutite. Cover the permutite with a 
thin layer of gravel. Fit a one-holed rubber bung, tubing, and clip 
in the tubulure at the base of the tower. Feed hard water in at the 
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top of the tower and let it slowly run out at the bottom into a beaker. 
Titrate a portion with soap solution. When, after use, the permutite 
fails to soften the water, run a solution of salt, 10-15 gm. per 
100 c.c. of water, through the tower, then wash the permutite a 
few times with distilled water. The lime-tower may be replaced 
by an aspirator-bottle fitted with a tap or, as Williams suggests, by 
^ length of glass tubing, 40 x4‘5 cm., with constrictions about 6 cm. 
from each end, the lower end being closed by a cork carrying the tap. 

For helpful literature on this subject consult: 

The Examination of Water, by Thresh, Beale, and Suckling 
(Churchill, 1933). 

The Control of Water Softening. Imperial Chemical Industries' 
booklet. 

Boiler-Water Treatment, by L. S. Price. S.S.R., 1933, 15 ,144-155. 

Note. —Carbon dioxide contains its own volume of oxygen and 
should function as an oxidising agent: the problem is investigated 
by passing the gas over a heated metal. 

It was shown in Expt. in that magnesium decomposed carbon 
dioxide with liberation of carbon. It is obvious, therefore, that the 
more chemically active metals, standing above magnesium in the 
electro-potential series, will act likewise. A teacher emphasising 
the physical basis of chemical action will call attention to this 
behaviour. When carbon dioxide is passed over metals somewhat 
lower in the series, carbon monoxide is formed, consequently the 
oxygen may be removed from carbon dioxide in two portions and 
therefore at least two atoms must be present. Iron and zinc are 
the metals usually chosen as reducing agents. The action of carbon 
dioxide on iron is extraordinarily complex, carbon, iron carbide, 
ferrous oxide, and the magnetic oxide being produced in addition 
to carbon monoxide. Moreover, there is no decided change of colour 
to indicate the occurrence of a chemical action. Zinc, accordingly, 
is to be preferred ; it reacts at a much lower temperature and displays 
its white (yellow when hot) oxide. The reaction was described by 
E. Noack in 1883. I do not know who first utilised it as a lecture 
experiment. 

Expt. 124.—Beduction of Carbon Dioxide by Zinc or Iron 

Pack in a combustion tube between loose plugs of aisbestos wool 
a layer 4-6 inches long of zinc powder. Connect the tube between 
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a carbon dioxide supply and a pneumatic trough. Add a wash- 
bottle of sulphuric acid to mark the rate of flow of the carbon 
dioxide and place a solution of dilute caustic soda in the trough. 
Use two Bunsens or a flame spreader and heat the tube not too 
strongly; the action easily goes on below a red heat. Arrange the 
carbon dioxide stream so that about three bubbles a second pass* 
through the wash-bottle. Collect the gas in a jar. It is manifest 
that the gas is not carbon dioxide or it would dissolve in the alkaline 
solution. Remove the jar, ignite the gas, then show that carbon 
dioxide is present. The gas issuing from the hot zinc can therefore 
be only the gaseous form of carbon or a lower oxide of carbon. 

If this action is continued for several minutes sufficient zinc 
oxide appears in the tube for its presence to be manifest. 

Iron filings or powder may be used in place of zinc, but the tube 
must be raised to a higher temperature. Alternatively, if a com¬ 
bustion furnace is used, such as the one depicted in fig. 5, an iron 
tube filled with nails may economically replace the glass tube and 
filings. Use a 2-foot length of gas piping, stuff the middle portion 
with boot brads and heat the tube as strongly as possible in the 
furnace before slowly passing over the carbon dioxide. 

Expt. 125. —Carbon Dioxide reduced by Carbon 

Carbon dioxide is passed slowly over hot carbon. Some writers 
recommend an iron tube for this experiment, but the reduction 
by carbon is not then obvious in view of the result of Expt. 124. 
A silica tube is preferable. Pack a r2-inch silica tube with pieces 
of charcoal the size of peas, and place it in a Fletcher furnace (p. 38). 
Fix the tube between a carbon dioxide supply and a pneumatic 
trough as in Expt. 124. Make the tube as hot as possible and then 
pass a slow stream of carbon dioxide over the carbon. The remain¬ 
ing procedure and argument will follow the lines of Expt. 124. 

Expt. 126.— Formation of Water Gas.^ B. Lepsius, 1890 

Steam is passed through a glowing carbon arc and the issuing gas 
shown to be inflammable and to contain carbon monoxide. 

It is necessary to have a small flask 15-20 cm. in diameter pro¬ 
vided with two lateral tubulures. Pass rods of carbon through the 
tubulures as described in Expt. 410. Close the neck with a cork 
through which pass two conducting tubes, one reaching almost to 
the carbons, the other passing just through the cork. Invert the 
flask and clamp it on a retort-stand. Pass in steam through the 

8 

* For alternative method see page 495. 
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longer tube and connect the smaller tube with a pneumatic trough. 
As soon as the air is completely expelled lead the escaping steam 
under an inverted jar of cold water. Ignite the arc. Gas is rapidly 
evolved and collected in the jar. Ignite the gas and test for the 
presence of carbon dioxide. Actually the gas consists of equal 
volumes of hydrogen and carbon monoxide. 

Preparation of Carbon Monoxide in Quantity. —For studying the 
properties of carbon monoxide a more ready method of preparation 
is required than those provided by the reactions hitherto described. 
Three methods are commonly used : 

[a) Dehydration of formic acid, or 

{h) Oxalic acid, with concentrated sulphuric acid. 

(c) The interaction of potassium ferrocyanide and concentrated 
sulphuric acid. 

Of these I prefer method {a), which is described on p. 314. The 
evolution of carbon monoxide takes place at a low temperature 
and the reaction is easily kept under control. Moreover, there is 
a further advantage inasmuch as the equation is simple, and 
keen pupils demand an equation whether they understand it or 
not. 

Method (c) works quite well, but the equation is complex and 
the decomposition requires watching or it will get out of control. 

Method (6) involves the removal of carbon dioxide, and in 
elementary work complications should be avoided as much as 
possible, 

Expt. 127 .— Preparation of Carbon Monoxide (G. Fownes, 1844) 

Hydrated potassium ferrocyanide is heated with concentrated 
sulphuric acid. The action begins at about 170° C., when the gas 
is steadily evolved ; if a higher temperature is used the evolution 
is apt to get out of control. The reputed equation is: 

K4Fe(CN)e +6H2SO4 + 6 H 20 -: 3 (NH 4 ) 2 S 04 +2K2SO4 +FeS 04 -f 6CO 

The 6 molecules of water are derived partly from the 3 mole¬ 
cules in the hydrated salt and partly from the water in the great 
excess of sulphuric acid used. 

Powder finely 15 gm. of hydilated potassium ferrocyanide, 
K4Fe(CN)43H20, and mix it with a moderately heaped teaspoonful 
of silver sand. Place 80-90 c.c. of concentrated sulphuric acid in 
the preparation flask. (These quantities will afford over 5 litres of 



CARBON MONOXIDE 115 

carbon monoxide.) Add the salt in small portions, shaking between 
each addition. The sand and the shaking prevent the salt from 
caking, which would otherwise take place owing to the dehydrating 
action of the sulphuric acid. Fit the flask with a two-holed cork, 
thistle funnel and delivery tube, as in fig. 38. Heat the flask slowly 
and watch carefully for the evolution of gas to begin. Immediately 
this occurs remove the flame; use a tiny flame again when necessary. 
The gas comes off pure and dry. 

Properties of Carbon Monoxide. —Prepare the gas by the method 
of Expt. 382 or Expt. 127, and collect it over water at a pneumatic 
trough. Do not let any gas escape into the room. To ensure this 
arrange for a slow stream of gas which can be kept under perfect 
control. Burn all the gas usually discarded as ‘ air ' and all gas 
not required in the lesson—see note, p. 117. Charge all the jars 
and cylinders required in the lesson before doing any experiments 
with the gas. Then collect and burn any remaining gas evolved 
from the preparation flask. 

Expt. 128.—Reaction with Oxygen 

Fill f of a jar with carbon monoxide and the remaining J with 
oxygen. Ignite the mixture ; combination takes place with a feeble 
explosion, 

Expt. 129.—Behaviour with Lime Water 

Collect a jar or, better, a stoppered cylinder of the gas. Stand 
the cylinder in the fume cupboard, remove the stopper, add 20 c.c. 
of lime water and quickly replace the stopper. Agitate the cylinder 
—the contents remain clear. If the gas is collected over tap water 
from chalk districts the lime water may go milky; the remedy is 
to collect over distilled water on every occasion when lime water is 
to be used. 

Expt. 130.—Reduction with Carbon Monoxide 

Place ferric oxide or copper oxide in a 9-inch combustion tube 
fitted between the carbon monoxide supply and a pneumatic trough. 
Before the combustion tube is heated pass carbon monoxide through 
it to sweep out the air. Do not allow any of the expelled air to 
escape into the room but collect it in a jar. Continue the passage 
of the carbon monoxide until the jar is full. Remove the full jar 
and replace it by a second. Treat the first jar with Hme water to 
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show that the gas in it is not carbon dioxide. Now gently heat the 
tube and allow a slow stream of carbon monoxide to pass through 
it. Red copper appears in the tube and sometimes in the form of 
a brilliant mirror on the glass. Test the gas now with lime water 
(as before immediately place another jar over the delivery tube). 
The lime water goes milky. ' 

Expt. gp. 131.—Reduction of Palladium Chloride. F. 

Carbon monoxide reduces a solution of palladium chloride and 
metallic palladium is precipitated as a black powder. 

PdClg + HgO + CO = Pd 4 2HCI 4 - CO2 

Dip a strip of white blotting-paper in a solution of palladium 
chloride ; the paper is coloured yellow by the solution and the 
colour remains unchanged in the air. Slide the cap partially off 
a jar of carbon monoxide, slip in the moistened paper and quickly 
cover the jar. The paper soon darkens, and in 2 minutes turns jet- 
black. 

Invert a jar of water over the delivery tube of the carbon monoxide 
generator and pass in 2 or 3 c.c. of gas. Lift the jar from the trough 
so that the water runs out of the jar, which immediately cover. 
Slip a strip of palladium chloride paper into the jar. The paper 
is blackened in about 2 minutes. 

Fill a jar with coal gas by displacement of the air. Cap the jar 
and insert a piece of palladium chloride paper. In a few seconds 
the paper blackens. Silver, gold, and palladium salts are used to 
detect and measure the amount of carbon monoxide in the air, and 
in view of the increasing amounts of carbon monoxide sent into the 
air the tests have a singular value, see the comment on p. 117. 

Expt. 132.—Silver Nitrate reduced by Carbon Monoxide. F. 

To 30 c.c. of o-iN-AgNOg add dilute ammonia until the silver 
hydroxide first precipitated has redissolved. Warm the liquid to 
about 50° and then pour f of it into a stoppered cylinder of carbon 
monoxide ; keep the remainder for comparison. In 2-3 seconds 
the liquid darkens, in a few minutes it is jet-black with precipitated 
silver. 

The experiment may be varied by moistening a strip of filter- 
paper with the ammoniacal silver solution. Suspend a portion of 
the paper inside a cylinder of the gas and the remainder in the air 
for comparison. 
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Carbon Monoxide a Deadly Poison. —Although the poisonous 
action of carbon monoxide cannot be appropriately demonstrated, 
it is incumbent on the teacher to call attention to it. Indeed 
the study of carbon monoxide presents one of those opportunities 
mentioned on p. 523 of imparting information beneficial in after 
life. Undoubtedly carbon monoxide is increasing in quantity as 
an industrial by-product, and a correspondingly increasing amount 
passes into the atmosphere. 

Equally undoubted is the prevailing ignorance of the toxic 
action of the gas at great dilution. Carbon monoxide is the only 
toxic gas in spent petrol, and is added in increasing quantities to 
coal gas. It is not surprising therefore that medical reports state 
that the number of fatal cases of carbon-monoxide poisoning in 
ordinary occupations exceeds those in mines. It is stated that the 
ill-effects are felt if o*oi per cent, of the gas is in the atmosphere ; 
that 0*05 per cent, causes giddiness, 0*2 per cent, loss of consciousness, 
and i‘0 per cent, death after a few moments' inhalation. First- 
aid measures are rest, fresh air, and, if possible, the administration 
of oxygen. 


THE SIMPLE HYDROCARBONS 

The use of carbon monoxide as a fuel easily leads to the study of 
other combustible compounds of carbon— e.g, coal, coal gas, and 
its main constituents—and thence to the more general problem of 
flame, combustion, and explosion. 

Ezpt. 133.—Prepaxation of Methane 

(a) By the Interaction of Sodium Acetate and Sodium Hydroxide 

An easy way of obtaining a supply of this gas is to employ the 
method of Dumas as improved by Von Schleger—namely, that of 
heating a mixture of sodium acetate and soda lime. 

CHgCOONa +NaOH ^CH^ +Na2C03 

Anhydrous sodium acetate must be used ; if this is not at hand, 
heat the salt NaCH8C02’3H20 on an iron tray until the molten 
mass no longer gives off water. The anhydrous salt melts at 319® C. 
When it has solidified, powder it finely and store it in a stoppered 
bottle. Dry some soda lime by heating it on an iron tray. Mix 
r part of sodium acetate with 3 parts of soda lime and place it in a 
hard-glass tube, or a small flask, fitted with a one-holed cork and 
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delivery tube. Heat gently at first, then more strongly until a 
steady stream of gas is evolved. Collect the gas over water and 
fill all the cylinders and flasks required before carrying out experi¬ 
ments on the gas. Store any remaining gas over water in an aspir¬ 
ator ; 14 gm. of the above mixture yield about a litre of methane. 
Without thorough drying and careful heating the tube is apt to 
crack. If methane is required frequently, it pays to purchase a 
copper flask or tube (fig. 31) for this preparation. 

(b) By the Hydrolysis of Aluminium Carbide 

AI4C3 + 12HOH =4A1(0H)3 +3CH4 

The gas may be obtained by the action of water on aluminium 
carbide alone, but a more steady evolution is obtained by using in 
place of water dilute hydrochloric acid, which brings the aluminium 
hydroxide into solution. Commercial aluminium carbide usually 
contains calcium carbide, the hydrolysis of which yields acetylene. 
The acetylene can be removed by passing the crude methane through 
an alkaline solution of potassium permanganate. 

Use the preparation apparatus shown in fig. 89. Place 10-15 gm. 
of aluminium carbide in the flask and dilute hydrochloric acid 
(2iV) in the dropping funnel. Add two roomy wash-bottles, such 
as Woulfe's bottles, and charge each with 3 gm. of potassium 
permanganate dissolved in 50 c.c. of dilute (i*o.V) caustic soda. 
Rim in the acid as required and warm very gently if necessary. 
Discard the first two jars as probably air, and then collect the 
required jars and cylinders of the gas. 

Ezpt. 134.—The Inertness of Methane 

Shake cylinders of methane severally with bromine water, 
acidified and alkaline permanganate, and an ammoniacal solution 
of cuprous chloride. No action takes place. The inertness serves 
to distinguish methane from ethylene and acetylene. 

Expt. 135.—The Combustion of Methane 

Bum a jar of methane and note the colour of the flame (the flame, 
due to the presence of other hydrocarbons, is luminous when the 
methane used is prepared by the method of Expt. 133). Cover the 
jar as soon as the flame dies out. Shake the residual gas with 
lime water. 

The explosion of a methane-oxygea mixture may be done in a 
short thick-walled gas jar. The experiment is not without risk 
and the method of Expt. 136 is to be preferred. 
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Note of Warning, —^Exceptional precautions should be taken when, 
as lecture experiments, hydrocarbons mixed with small volumes of 
oxygen are ignited in closed vessels. Acetylene (and cyanogen) 
mixed with oxygen should never be ignited even in open cylinders. 
So great and sudden a pressure is developed that the containing 
vessel must be stout enough to withstand a pressure of 120 atmo-’ 
spheres. Professors H. B. Dixon, Lothar Meyer, and T. E. Thorpe 
have all written to scientific papers and given lecturers this warning, 
Lothar Meyer at first pooh-poohed the precaution when it was 
mentioned to him by Dixon at a meeting of the British Association 
and stated that he had frequently exploded hydrocarbon- 
oxygen mixtures in gas jars as lecture experiments. But 
a few years later, in 1894, Lothar Meyer himself experienced a 
terrific explosion while lecturing. On bringing a lighted taper to 
the mouth of a gas jar containing a mixture of oxygen and acetylene 
an explosion occurred with a report 
so loud as to deafen temporarily 
all in the neighbourhood. The 
apparatus was shattered to pieces 
and Meyer himself had a miracu¬ 
lous escape from serious injury. 

Those desirous of demonstrat¬ 
ing the explosive property of a 
hydrocarbon - oxygen mixture 
should carry out the experiment 
with adequate precautions such as 
those detailed by Professor J. Read 
in the next experiment. 

Ezpt. 136.—Explosion of a Methane* 

Oxygen Mixture. J. Read, 1931 

Fill a 500-c.c. flask with w^ater 
and displace one-third of this with 37-*~Lxplosion of a Methane- 
methane, and the remainder with Oxygen Mixture, 

oxygen. Close the flask with a dry waxed cork pierced by two 
copper-wire terminals as shown in fig. 37. Fix a cylinder of metal 
gauze firmly over the wooden base carrying the cork and terminals ; 
cover the cylinder with a towel, and place a weight on top. When 
this has been done (and in no circumstances before), connect the 
binding screws with an induction coil, and finally explode the 
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mixture (preferably from the distance of a few feet), and show that 
the flask is shattered to a fine powder. 

Expt. 137 .—The Lightness of Methane 

Methane may be poured out and tested for in the upper jar as in 
Expt. 54, p. 53. 


Preparation of Ethylene.—An easy method of obtaining a supply 
of moderately pure ethylene is to dehydrate alcohol with phosphoric 
acid, following the technique of Newth, Expt. 138 (ft). The phos¬ 
phoric acid, however, attacks the glass of the flask and of the 
thermometer. The method of Expt. 138 (r) avoids this trouble. 
Yet where an extended study of ethylene is not being made, 
but the desire is to show ethylene as a dehydration product of 
alcohol, the simple preparation method given below will suffice. 

Expt. 138 .—Preparation of Ethylene 

(a) The Dehydration of Alcohol by means of Sulphuric Acid (J. J. 
Becker, 1669). J. Dalton, 1810 
Fit up an apparatus such as that of fig. 38. Use a flask holding 
400-500 c.c. Remove the flask from the apparatus and place in it 



25 c.c. of alcohol (industrial methylated spirit will serve) ; add 
gradually 80 c.c. of concentrated sulphuric acid, cooling the flask 
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between each addition of acid. Add a heaped teaspoonful of silver 
sand to the mixture. The sand lessens the tendency of the heated 
liquid to froth. Place the flask back in its position and heat the 
liquid cautiously until it appears to boil (about 150° C.). Regulate 
the flame so that the evolution of the gas is steady and frothing 
is avoided as much as possible. Reject the first two jars of gas and 
collect the remainder in jars and cylinders. If experiments on the 
flame are contemplated a quantity of ethylene should be stored in 
an aspirator. 

(b) Dehydration of Alcohol with Syrupy Phosphoric Acid. G. S. 

Newth, 1901 

The reaction was known much earlier, but the technique of the 
preparation was worked out by Newth. 

Fit up an apparatus such as that of fig. 39. Place 50-60 c.c. of 
syrupy orthophosphoric acid in the flask and immerse a 300° C. 
thermometer in the liquid. Draw out the stem of the dropping 



funnel to a jet and turn up the end. This arrangement is to prevent 
the ethylene from displacing the alcohol from the stem of the funnel, 
an occurrence which would cause ^ a violent evolution of gas. To 
fill the stem immerse the end of the dropping funnel in a vessel of 
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alcohol, open the tap and suck until the stem is full. Replace the 
funnel in the preparation flask and, when all is ready, heat the flask 
until the phosphoric acid is at the temperature of 200° C. Keep 
the temperature 200-220° C. during the experiment. Now add 
the alcohol slowly, drop by drop; reject the first two jars of gas as 
being air from the apparatus. 

(c) Dehydration of Alcohol with Phosphoric Acid: Modified 
Technique 

(The sketch and description are taken from An Introduction to 
Organic Chemistry, by J. Read. Bell, 1931.) 

Pass a gentle current of alcohol vapour over small pieces of pumice, 
moistened with syrupy phosphoric acid and heated in an iron tube, 
as shown in fig. 40. Collect the gas over water. 



Fig. 40. —Preparation of Ethylene, (a) Flask with ethyl alcohol, heated 
in a water-bath; (6) iron tube containing pumice moistened with syrupy 
phosphoric acid; {c) trap; {d) gas jar for collecting ethylene. 

N,B .—The ethylene prepared by this method contains a small 
quantity of water-soluble impurity which reacts explosively with 
chlorine. If a reaction with chlorine is intended, let the crude 
ethylene stand over water for 20 minutes before mixing it with 
chlorine. (Private communication. Professor J. Read.) 

Expt. 139.—The Combustion of Ethylene 

Bum a jar of ethylene and note the white luminous flame. As 
soon as the flame dies out, cap the jar. Shake the contents of the 
bumt-out jar with lime water. 

The explosion of an ethylene oxygen mixture is violent, but it 
may be safely done in a short thick gas jar. However, the method 
of Expt. 136 is preferable. 

Expt; 140.—Combination with Chlorine. M. Faraday, 1827 
Equal volumes of ethylene and chlorine are allowed to mingle in 
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diffused sunlight. Combination takes place with the formation 
of oily droplets (ethylene dichloride). 

CgH^+Cl^^CgH.Cla 

Displace half the water from a gas jar with ethylene and the other 
half with chlorine. (The chlorine may be rapidly prepared by the 
apparatus and method of Expt. 390.) Leave the jar of mixed gases 
standing over water, but not in strong sunlight. The chlorine 
soon disappears ; water rises in the jar and oil-like drops of liquid 
appear on the sides of the jar. Hence the origin of the name 
* olefiant gas.* 

Expt. 141.—Ethylene decomposed by Chlorine.—M. Faraday, 1827 
A mixture of i volume of ethylene and 2 volumes of chlorine 
is ignited. A vigorous reaction ensues, hydrogen chloride is formed 
and carbon liberated. 

C2H4 4- 2CI2 = 2C -f 4HCI 

Fill a gas jar with water and displace J of the water with ethylene 
and the remaining | with chlorine. Without delay cover 
the gas jar ; place it mouth upwards on the table, remove 
the cover and apply a light. Reaction takes place, ac¬ 
companied by a reddish flame, clouds of soot, and fumes. 

Test the fumes with moistened litmus-paper and with 
ammonia. 

Expt. 142,—Ethylene and Bromine 

To a loo-c.c. stoppered cylinder filled with ethylene 
add about 5 c.c. of bromine water and shake the contents 
of the cylinder. The bromine is soon decolorised, with 
the formation of oily droplets. 

N.B .—5 c.c. of saturated bromine water is equivalent 
to about 30 c.c. of bromine gas at room temperature. 

Expt. 143.—Ethylene decolorises Potassium Permanganate 

To a loo-c.c. stoppered cylinder of ethylene add 10 c.c. 
of 0‘iA-KMn04 acidified with dilute sulphuric acid. 

Shake the contents of the cylinder. The permanganate 
is decolorised. 

Expt. 144 . —Oleum absorbs Ethylene. J. Read, 1931 
Fill a Bunte burette (fig. 41) with ethylene and close 
both taps. From the cup at the top introduce 4 or 5 c.c. of fuming 
sulphuric add (containing 20-25 per cent, of free sulphur trioxide) 



I* 

Fig. 41. 
Bunte 
Burette. 
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into the burette. Close the tap again and invert the burette once 
or twice. Finally dip the bottom of the burette into some ordinary 
concentrated sulphuric acid, open the lower tap, and show that 
the liquid rises rapidly in the burette owing to the absorption of 
ethylene. 

Read 5.S.R., 1933, 15 , 242, for an account of some modern 
applications of ethylene. 


Expt. 145.—Preparation of Acetylene 
(a) Small-Scale Preparation 

Drop a small piece of calcium carbide into a glass trough half-full 
of water. Fill a gas jar with water, invert the jar and stand it 
over the decomposing carbide. 

CaCa + 2 H* 0 H =Ca(OH)2 +C2H2 
(b) Preparation in Quantity 
Put a little sand in a filter flask (fig. 42), and cover this 
with small lumps of calcium 
carbide. Admit water slowly 
through the dropping funnel 
and collect the issuing gas 
over water. 



Fig, 42. —Preparation of Acetylene. 


Expt. 146. — Acetylene dis¬ 
solves in Acetone 

Use the apparatus and 


method of Expt, 144: i volume of acetone dissolves 24 volumes 
of acetylene. Open the burette under water. 


Expt, 147.—Combustion of Acetylene 

See note of warning, p. 119. 

Ignite a jar of acetylene and note the luminous sooty flame. 
Test the contents of the burnt-out jar for carbon dioxide. 

Expt. 148.—Reaction with Chlorine 

The reaction may be safely shown as follows. Place a few grams 
of bleaching-powder at the bottom of a gas jar and then add a few 
c.c. of dilute hydrochloric acid. Cover the jar loosely with a sheet 
of cardboard. The jar is soon full of chlorine. Drop in a level 
saltspoonful of powdered calcium carbide. Acetylene is instantly 
evolved and reacts with the chlorine with a flash of light. A cloud 
of soot and fumes of hydrogen chloride appear. The experiment 
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serves to show that oxygen is not essential for the production of 
flame. 

Expt. 149.—Reaction with Bromine 

To a loo-c.c. cylinder of acetylene add 5 c.c. of bromine water 
and shake. The colour of the bromine soon disappears. 

Expt. 150.—Formation of Cuprous Acetylide 

Pour a few c.c. of an ammoniacal solution of cuprous chloride 
(see p. 551) into a cylinder of acetylene. A copious precipitate of 
red cuprous acetylide is produced at once. 

Alternatively the delivery tube of the acetylene-preparation 
apparatus may be changed for a right-angled tube and the issuing 
acetylene passed into the cuprous solution. 

Do not leave the cuprous acetylide about ; wash it away at once: 
it is explosive when dry. 

Note. —A teacher of a short course desirous of leading up to dyes 
and mordanting, could break away at this point. He could touch 
lightly on flame and combustion; prepare benzene (via gum 
benzoin and benzoic acid), nitrobenzene, aniline, and finally 
benzene-azo-betanaphthol. The preparations are simple and are 
given in books of practical organic chemistry. 

The study of chalk may be connected with that of the alkalies 
and acids as follows :— 

From the elementary study of chalk the class has learnt the 
tests for the recognition of a carbonate, and the application of these 
tests shows that ordinary soda is a carbonate. Presumably there¬ 
fore soda is a compound of a metallic oxide and carbon dioxide, and 
it would be of interest to isolate the metallic oxide. Heat fails to 
decompose anhydrous soda, which merely melts at the highest 
temperature attainable in the laboratory. (This experiment is best 
done by the class heating the soda on a platinum wire or a piece 
of iron.) The idea is evolved, from the class if possible, that the 
action of hme should be tried, since insoluble chalk would be formed 
and the residue must be the other part of soda. 

Expt. 151. — The Metallic Oxide obtained from Washing Soda 

(J. Black, 1775) 

Dissolve 10 gm. of washing soda in 80 c.c. of water in a 200-c.c. 
beaker. Slake 4 gm. of good-quality lime, then make it into a 
cream with 80 c.c. of water. Bring the soda solution to the boil. 
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pour the suspension of lime in slowly so that the liquid is kept 
boiling. Transfer the beaker to a wood block and allow the liquid 
to settle. If these directions are followed the action will run to 
completion as soon as the liquids are mixed ; the chalk will settle 
readily and the supernatant liquid gives no reaction for carbonate. 

Filter a portion of the clear liquid into a small cylinder (such as 
a cut-down measuring cylinder) and let a pupil blow into the liquid 
with a long glass tube. No milkiness appears, therefore no lime is 
in solution. (It is of course unnecessary to inform a junior class 
that lime is insoluble in caustic soda.) Add dilute acid to a portion 
of the clear solution: no effervescence occurs, therefore the solution 
does not contain carbonate. Dip a wide strip of red litmus-paper 
into the solution ; the paper turns blue, suggesting that a metallic 
oxide is present. This oxide is not lime, and c^n only be the oxide 
of the soda. Give its name now, and begin evaporating some of 
the liquid to dryness. Meanwhile treat the precipitate with acid, 
a brisk effervescence ensues, showing that the solid is chalk and 
that the reaction has run as was expected. 

AMMONIA 

Expt. 152.—Illustration of the Historical Production 

Clamp a dry test-tube almost vertically for heating. In the 
bottom of the tube place a small quantity of wool. Have ready 
moistened strips of red litmus-paper, also a rod and strong hydro¬ 
chloric acid. Heat the tube strongly and hold the litmus-paper in 
the issuing fumes, likewise the rod moistened with acid. The paper 
turns blue, while from the rod white fumes rise. Obviously an 
alkaline gas is issuing from the tube. Give its name and history. 

Repeat the experiment with real silk, feathers, or gelatine. The 
same results are obtained. Heat in the same way some artificial 
silk—rayon—from a discarded stocking. No ammonia is evolved. 
Incidentally this thermal decomposition serves to distinguish real 
from imitation (so-called artificial) silk. 

Expt. 153.—Coal a Source of Ammonia 

If the destructive distillation of coal has been carried out by the 
class the pupils will have found ammonia among the decomjx)sition 
products. If not, the experiment had better be done, on a small 
scale, in the lecture-room. Inasmuch as the coal requires to b^ 
strongly heated, and that the tarry residue is a nuisance to dean 
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off, it is better to use a penny clay pipe, and scrap it when the 
experiment is finished, rather than a hard-glass tube. 

Nearly fill the bowl of a short clay pipe with powdered coal, then 
seal the mouth of the bowl with clay or, better, with pyruma putty 
(see p. 200). Clamp the pipe for heating with the stem sloping 
downwards so that the tar may be run off. Warm the bowl of the ‘ 
pipe gently, then heat as strongly as possible. Hold moistened 
red litmus-paper just above the mouthpiece. The presence of 
ammonia is made manifest. 

It follows from the above experiment that in that part of a fire 
where the temperature of the burning coal is below a certain limit 
(see p. 131) ammonia will escape, and thus be a component of 
* smoke.' Also, from Expt. 103, we know that carbon (ever 
present in smoke and in the chimney) adsorbs ammonia. Soot 
therefore should contain ammonia. 

Expt. 154 .—Ammonia obtained from Soot. F. 

Get some enthusiastic members of the class to collect and bring 
along soot from an ordinary house chimney. Place several grams 
of soot in a small open flask, moisten the soot with dilute caustic 
soda solution, and warm the flask. Test for ammonia with moist 
red litmus-paper. I have never failed to find ammonia in soot 
by this method. Analysts report that soot often contains as much 
as 7 per cent, of ammonia. Discuss the presence of ammonia in 
the soot and the use of soot as a soil fertiliser. 

Expt. 155 ,—The Preparation of Ammonia in Quantity: Preliminary 

Clamp a test-tube for heating as before. Mix a saltspoonful each 
of ammonium chloride and slaked lime. Place the mixture in the 
tube and heat it gently. If the odour is not perceived by the 
class, blow the gas towards them with a hand-bellows. The action 
is obviously that of a base on a salt, producing a new base and 
a new salt. 

Note.—To prepare ammonia in quantity as a lecture experiment 
it is not advisable to heat the above dry mixture. The heating 
requires constant attention, and the flask or tube is apt to crack. 
It is preferable to add a small quantity of water to the mixture. 
The preparation flask is then heated with a small flame and requires 
little attention. 

Ammonia need be prepared only once from ammonium chloride, 
to disclose the source of the gas and the method of its preparation ; 
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thenceforward the gas should be obtained for lecture purposes by 
warming the concentrated aqueous solution. 

Expt. 156 . — Ammonia obtained from Ammonium Chloride 

(J. Priestley, 1774) 

Ammonia is liberated from ammonium chloride by the action 

of slaked lime ; it is dried 
by ascending a tower 
packed with lumps of 
quicklime, and collected 
by the down ward displace¬ 
ment of air. 

Set up an apparatus 
such as that of fig. 43. 
Have as imposing a 
lime-tower — viz. one 
12-16 inches high—as 
the equipment permits. 
Fill the tower with lumps 
of lime the size of hazel 
nuts. When the tower 
is not in use keep it 
plugged, it will then 
remain effective for a 
long time. The jars and 
vessels to receive the 
ammonia may be placed 
Fig. 43.—Preparation of Ammonia. 0^1 the top of the tower, 

as shown in the figure, 
or the special gas-jar cover (p. 139) may be used, the ammonia 
being sent in by the short delivery tube. When a jar is full, 
ammonia will be detected emerging from the longer tube. The 
preparation flask should be 150-200 c.c. in capacity. For re¬ 
vision slake some lime in front of the class. Place about 20 
gm. of ammonium chloride in the flask, add 20 gm. of the 
slaked lime (this is considerable excess) and 10-15 c.c. of water. 
Heat the flask with a small flame. Slide a perforated card¬ 
board gas-jar cover over the delivery tube, and place a dry 
jar in position. Slip a piece of moistened red litmus-paper under 
the mouth of the jar, and when the paper turns blue slowly 
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withdraw the jar, keeping it covered with the cardboard. When 
the jar is clear of the delivery tube slide on a glass cover plate 
and place an empty jar in position for filling. Fill all the jars 
required for experiments and a 500-c.c. flask for demonstration of 
the solubility. After that pass any remaining gas into water, 
using the apparatus D of fig. 67. 

Properties of Ammonia 

Several of the reactions of ammonia are given elsewhere in the 
book. Its lightness may be shown by pouring upwards as was done 
with hydrogen, but with more cogency by determination of the 
density (Expts. 393, 387). For its union with hydrogen chloride 
see Expt. 171. 

Expt. 157.—The Solubility of Ammonia 

Fill a 500-c.c. flask with the gas and follow the method of 
Expt. 169, but have red litmus in the trough. 

Fill a long closed tube or a straight eudiometer with the gas as 
described for hydrogen chloride (Expt. 418). Pass in a little water 
with a bent pipette, alternatively introduce a pellet of ice into the 
gas. 

Expt. 158.—Relation to Combustion 

Remove the cover plate from an inverted jar of ammonia and 
slowly introduce a burning taper into the gas. The taper is extin¬ 
guished but a greenish flame appears momentarily at the mouth 
of the tube. (Probably the heat of the slowly moving taper causes 
a slight decomposition of the ammonia and consequent combustion 
of the hydrogen.) The suggestion is put forward—by the class 
if possible—that perhaps ammonia would burn in an atmosphere 
of pure oxygen. The idea is tested in the next experiment. 

Expt. 159.—Ammonia burnt in Oxygen. E. Frankland, 1872 

A jet of ammonia is surrounded by an atmosphere of oxygen. 
On applying a light the ammonia burns with a yellowish-brown 
flame. 

Prepare the piece of apparatus depicted in fig. 44. The wide 
tube may be of any convenient size, say 6 by i in. If the true 
colour of the ammonia flame is to be seen the end of the ammonia 
tube must be replaced by a silica or platinum jet, as in Expt. 187. 

9 
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Pack loosely the bottom of the wide tube with an inch layer of cotton 
wool; this helps to spread out the oxygen. Place 20 c.c. of 0*88 
ammonia in a 200-c.c. flask fitted with a one-holed cork carrying a 
right-angled delivery tube. Join the delivery tube to the combus¬ 
tion apparatus with a rubber connection. By 
means of a cylinder or aspirator, or the method 
of Expt. 384, send in a slow stream of oxygen. 
Heat the ammonia solution quite gently, it must 
not seem to boil; after a minute show by means 
of red litmus-paper that ammonia is issuing from 
the jet. Now apply a light; the ammonia burns 
with a small yellowish-brown flame. 

Ammonia unites directly with many salts, 
forming complex compounds—ammines. 

Expt. 160.—Formation of Cuprammine Sulphate. 

CuS 04 - 5 NH 3 . F. 

Set up an apparatus for the preparation of 
dry ammonia, such as that of fig. 43. Pour 
about 20 c.c. of 0‘88 ammonia into the flask. In a soft-glass 
combustion tube place a few grams of anhydrous copper sulphate, 
and join this tube to the lime-tower. Heat the preparation 
flask very gently so that the ammonia comes off quite slowly* 
The copper sulphate becomes warm, and turns deep blue, showing 
that chemical action is taking place. Rotate the combustion 
tube so as to expose a fresh surface of the powder. When the 
action has finished remove a portion of the blue powder and 
heat it gently in a test-tube. Ammonia is evolved in torrents, 
meanwhile the solid passes through various colour changes (see 
Expt. 393). Heat the tube more strongly until the residue is 
white. Add water to the cooled white residue, a blue mass is 
produced, evidence that the white product was anhydrous copper 
sulphate. 

Expt. 161. — Formation of Hexammine Calcium Chloride. 

CaCla-bNHg 

Collect a long tube of ammonia over mercury as in Expt. 441. 
Obtain a pellet of fused calcium chloride and pass it up into the 
ammonia. The ammonia is absorbed and the mercury rises to the 
top of the tube. 

Kote.—The combined evidence from these two experiments 
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suggests that ammonia combines directly with certain salts. (The 
informative names need not be given to a junior class.) The 
phenomenon is of wide occurrence, and is much used in ordinary 
analysis. The two salts studied are frequently used for drying 
gases ; obviously they must not be used for drying ammonia. 

Qualitative Composition of Ammonia. —Ammonia is broken up 
by passing it through a red-hot tube, but of the decomposition 
products only hydrogen can be recognised. In a second experiment 
the hydrogen is chemically removed from ammonia by means 
of hot copper oxide, whereon another constituent—nitrogen—^is 
discovered. This evidence is confirmed by treating ammonia with 
chlorine. 

The decomposition of ammonia is almost complete at 400-500®. 
The decomposition may be effected in : 

{a) A short length of ' glazed ’ silica tubing (2-3 mm.) heated 
with one Bunsen flame. This is the simplest method, the apparatus 
can be set up in a few minutes, and not more than five minutes need 
be occupied in the actual experiment. 

{b) A rz-inch length of J-inch silica tubing packed with pumice. 
The tube may be heated in a table furnace such as that described 
on p. 38. If the teacher has the time, and the school possesses 
the apparatus, it is just as well to use it. Apart from the spectacular 
effect the very thorough decomposition of the ammonia which 
ensues permits of the volumetric composition being determined by 
the method of counting the bubbles (p. 135). 

(c) An iron tube—a 2-foot length of J-inch gas piping. The hot 
iron tube is highly efficient and is of historical interest, but it is 
not clear that the decomposition of the ammonia is purely thermal. 

Only method {a) need be described in detail. 

Expt. 162. — The Thermal Decomposition of Ammonia. F. 

The decomposition was described by Priestley in 1774. Fit up 
an apparatus for the preparation of dry ammonia such as that 
depicted in fig. 45. When all is ready charge the preparation flask 
with 10-20 c.c. of 0*88 ammonia. Place an 8- or 12-inch length 
of narrow silica tubing between the ammonia apparatus and a 
pneumatic trough. (The use of a 12-inch tube permits of a section 
being heated with 2 or 3 Bunsens—such an arrangement is as 
effective^ as a table furnace.) Insert a wash-bottle containing 
medicinal paraffin between the silica tube and the lime-tower. 
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Close the end of the delivery tube in the pneumatic trough with 
a Bunsen valve (see p. 392). The ammonia flask requires no heat¬ 
ing in the first place because ammonia gas rushes out while there 
is an atmosphere of air above the solution. When this rush of gas 
ceases heat the preparation flask occasionally with a very small 
flame—not half an inch high. As soon as air ceases to burst from 
the valve—that is, after about one minute from passing the ammonia 
—place an inverted gas jar of water over the delivery tube and 



make the middle section of the silica tube red-hot, using one or 
two Bunsens. An insoluble gas immediately issues from the valve 
and streams into the jar. From its quantity and ceaseless flow it 
cannot be air, and it is obviously not ammonia. Remove the jar 
and test the gas with a burning taper—the gas is hydrogen. Now 
attempt to regulate the evolution of ammonia so that the bubbles 
can be counted. As before, let one half of the class count the 
ammonia while the other half count the supposed hydrogen. The 
results are usually not so closely quantitative as those of Expt 164, 
but they always show that .the volume of the gaseous decomposi¬ 
tion products is much in excess of the volume of the ammonia 
decomposed. 

Ezpt. 163.—Nitrogen obtained from Ammonia 

It is manifest that ammonia cannot be split up into one substance 
only, any more than a ruler can be broken into one part. We 
therefore attempt to remove the hydrogen in the hope of finding 
other constituents. 
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Ammonia is passed over heated copper oxide, whereby water and 
copper are formed and nitrogen liberated. 

The ‘ cracking ' of ammonia is a modern commercial method of 
obtaining hydrogen. 

Fit up a combustion tube and collecting apparatus such as that 
of fig. 49. Have a 2-inch length of dry copper oxide in the com¬ 
bustion tube held between loose plugs of asbestos wool. The oxide 
is reduced by the ammonia at quite a low temperature, so that a 
soft-glass tube can be used. The receiver B—a small Wurtz flask 
or a U-tube cooled in water—may be omitted if desired and the con¬ 
densed water pointed out at the end of the combustion tube. As 
before, close the delivery tube with a Bunsen valve. Connect the 
combustion tube with the apparatus for supplying dry ammonia 
described in the last experiment. Warm the preparation flask and 
pass a gentle stream of ammonia until air no longer escapes from 
the valve. Now place the inverted jar of water over the valve 
and warm the combustion tube with an almost luminous flame. 
A colourless insoluble gas streams through the valve, bright copper 
appears in the tube, and a colourless (?) liquid collects in the 
receiver. Test the gas and show that it is nitrogen. If time 
allows carry on with the reduction until sufficient liquid has col¬ 
lected to permit of its identification. The liquid is often pale blue, 
due to the formation of a minute amount of cuprammonium 
hydroxide. (This can be readily explained if Expt. 160 has been 
done.) Nevertheless, the liquid loses its colour on heating and 
boils at 100° C. It is therefore mostly water. Since the enclosed 
system at the end of the experiment contains only copper, nitrogen, 
and water, and at the beginning only copper oxide and ammonia, 
then ammonia would seem to be a compound of nitrogen and 
hydrogen only. This conclusion will later be confirmed by 
synthesis. (See also page 182.) 

Expt. 164 . —Ammonia decomposed by Chlorine (C. L. Berthollet, 
1785). A. W. Hofmann, 1865 

Chlorine is passed into a strong solution of ammonia. A vigorous 
action ensues and nitrogen is liberated. 

3CI2 + 8NH3 = Ng + bNH^Cl 

Note. —^A good class, aware of the affinity of chlorine for 
hydrogen, should be able to anticipate the result (see p. 6). 
I have heard it said by teachers that the chlorine will not flash 
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under the ammonia as stated by Hofmann. Nevertheless, the 
flashing is undoubted when the right conditions are secured—viz. 
the chlorine must be warm and undiluted with air, or, what amounts 
to the same thing, the stream of pure chlorine must be rapid. My 
own practice for this experiment is always to prepare chlorine by 
the action of hydrochloric acid on potassium permanganate, 
Expt. 390, a rapid or slow stream of chlorine is thereby obtainable 



under perfect control. There is no danger whatever of the forma¬ 
tion of nitrogen trichloride when eatcess of ammonia is used ; 
and further, not much nitrogen is produced; therefore avoid the 
depletion of this gas consequent upon sweeping out the air, by 
keeping the * air spaces ' as small as possible. 

Fit up an apparatus such as shown in fig. 46. The Drechsel 
wash-bottle C may be omitted if desired, its presence, however, 
permits of an interesting teaching device. D is a larger Drechsel 
bottle. A small Woulfe's bottle will serve equally well. Suck the 
stem of the dropping funnel full of concentrated hydrochloric acid 
and pour more of the liquid into the bulb of the funnel. Place 
several grams of potassium permanganate in the flask B. It is an 
advantage to expel the air from the preparation flask and wash- 
bottle before joining them to D. This is easily done by allowing 
the add to fail slowly drop by drop on to the permanganate and 
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passing the gas into a trap while attending to the rest of the 
apparatus. Place about 8o c.c. of o*88 ammonia in the bottle D. 
If desired, place a black screen behind D and darken the room. 
Obtain a rapid stream of chlorine by running in i c.c. of acid. The 
flashing is never absent if the air has been expelled as suggested 
above. Carry on until an amount of gas sufficient for testing has 
collected in the jar. Show that the gas is nitrogen. 

Volume Ratios by counting Bubbles. —Many years ago, to sustain 
the attention of the class while the nitrogen was slowly accumulating, 
1 thought of the idea of allowing the class to count the bubbles of 
nitrogen and chlorine. The result was so unexpectedly successful, 
equally as a teaching device and a quantitative experiment, that 
thenceforward I employed the method in this and similar ex¬ 
periments, and I took the trouble to have the delivery tubes of 
the same bore. 

Indeed, to save time, the method could easily replace formal 
quantitative determinations. Proceed as follows: Regulate the 
drops of hydrochloric acid so that the bubbles of chlorine may 
be counted. Let one half of the class count audibly the chlorine 
bubbles while the other half counts those of the nitrogen. When, 
say, 6o bubbles of chlorine have been counted (20 of nitrogen) put 
the result on the board and begin again, agreeing to stop when 
20 of nitrogen have passed. The result is most exciting, for 
when the 20th is reached the chlorine counters are usually high in 
the fifties. Some of the experiments—438 to 443—establishing the 
quantitative composition of ammonia should be done at this stage. 

S3rnthesis of Ammonia. —All former methods of producing 
ammonia are eclipsed by the modem industrial process of catalytic 
synthesis under high pressure and at low temperature. Some 
attempt should therefore be made to simulate this process. Now 
it is impossible at present, under school conditions, to obtain the 
high pressure. Also, the instructional methods of synthesis in 
vogue—viz. the sparking of a mixture of hydrogen and nitrogen, 
and subjecting the mixture to the silent discharge—are of purely 
academic interest, and do not illustrate the combination at moderate 
temperature. Still, by the following series of experiments, the low- 
temperature combination may be illustrated and the gases may be 
reasonably imagined to be under high pressure. 
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Expt. 165 .— Nitrogen obtained from Nitre 

A mixture of nitre and iron filings is heated and nitrogen is 
obtained. If desired, Expt. 212 may be done here in advance and 
nitre shown to contain oxygen. Mix 3 gm. of dry, finely powdered 
nitre with 12 gm. of clean iron filings. Do not use less than this 
proportion of iron or the action will be so rapid as to make the 
collection of the gas difficult. Place the mixture in a test-tube. 
Attach a cork and delivery tube, clamp the apparatus for heating, 
and arrange to collect any liberated gas at a pneumatic trough. 
Have two gas jars ready, filled with water, and get a pupil to help, 
as the gas comes off briskly. Heat first the end of the mixture 
nearer the cork, a glow spreads through the mass at a fair rate 
and the gas streams off. Collect tw^o jars of the gas. Test the 
second jar and show that it is nitrogen. Call attention to the large 
volume of nitrogen obtained and that it must have been stored up 
in the small volume of nitre. Actually 10 gm. of nitre occupy 5 c.c. 
and evolve about 1150 c.c. of nitrogen at room temperature. 

Expt. 166.—Hydrogen obtained from Potassium Hydroxide 

Potassium hydroxide is heated with iron filings: hydrogen is 
liberated. 

2 KOH -f Fe = K2O + FeO + H^ 

The action takes place at moderate temperature. Crush 5 gm. 
of potassium hydroxide and mix it with 15-20 gm. of clean iron 
filings. Place the mixture in a test-tube fitted with cork and 
delivery tube and arranged for heating. Warm the mixture gently, 
when after a few seconds, and long before the tube is at a dull red 
heat, the gas ripples off in a steady stream. Collect the evolved 
gas over water in a pneumatic trough in the usual way. Reject 
the first half-jar and assume that the air is then all expelled. Test 
the next jar with a lighted taper. The gas is hydrogen. From 
I gm. of potassium hydroxide about 200 c.c. of hydrogen, measured 
at room temperature, are obtained. As in Expt. 165, the hydrogen 
may be considered to be present in the potassium hydroxide under 
great pressure. 

Expt. 167 .— Formation of Ammonia (J. W. Dobereiner, 1838) 

A mixture of nitre, potassium hydroxide, and iron filings is 
heated: ammonia is evolved. 

In a test-tube fitted with a one-holed cork and a small right-angle 
tube place a mixture of 2 gm. of nitre, 3 gm. of crushed potassium 
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hydroxide, and 20 gm. of clean iron filings. Clamp the tube for 
heating and have the outside arm of the right angle vertical. From 
the evidence of the last two experiments we expect hydrogen and 
nitrogen to be simultaneously released and to be under pressure. 

Heat the tube gently and hold moistened red litmus-paper above 
the outlet tube. The paper turns blue, showing the presence of 
ammonia, which is evolved in abundance. The gases hydrogen and 
nitrogen, simultaneously released and under pressure, combine to 
form ammonia. A simple account of the industrial process could 
now be given. 


HYDROCHLORIC ACID 

When concentrated sulphuric acid is poured upon common 
salt the action is vigorous, and accompanied by effervescence 
and frothing; accordingly, the collection of the gas is difficult. 
Customary ways of modifying the violence of the action are as 
follows:— 

(a) The salt is fused and then broken into suitable pieces. 

{h) The acid is somewhat diluted and hydrogen chloride is 
liberated only on heating ; some authorities recommend pouring 
ir volumes of acid into 8 of water, others 12 volumes into 4 of 
water. A stock quantity of this diluted acid should be made. 

My own practice is to employ neither of these methods, but to 
warm rock salt in concentrated sulphuric acid. The labour of 
fusing salt is avoided and likewise the necessity for making and 
stocking a special solution, points which a busy teacher will 
appreciate. Moreover, rock salt is inexpensive and the reaction 
gives a steady stream of dry gas, if clear good quedity rock salt is 
used. 

Expt. 168. — Preparation of Spirit of Salt (J. R. Glauber, 1648) 

(a) Preliminary Experiment. —Place a heaped teaspoonful of 
common salt in a dry gas jar and pour on it a few c.c. of concentrated 
sulphuric acid. Call attention to the violence of the action. 
Breathe into the fumes and dip a long strip of moistened red 
litmus-paper into them. Discourse on the ‘ spirit of salt.* Treat a 
clean bean-size crystal of rock salt with sulphuric acid and call 
attention to the restricted action consequent upon the small 
surface exposed. 

(b) Actual Preparation.—Break up rock salt into pieces the size 



J 38 ACIDS, BASES, AND SALTS 

of small nuts. Hold a 400-500 c.c. flask almost horizontally and 
carefully slide in about 20 such pieces. Fit the flask with a thistle 
funnel and delivery tube ; clamp it on a stand so that it may be 
heated. When the rest of the apparatus is ready, pour sufficient 
concentrated sulphuric acid down the funnel to cover the salt and 
warm the flask with a small flame. The gas will come over dry, 
but a wash-bottle—containing sulphuric acid—may be added if 
desired to mark the rate of flow. Collect the gas by upward dis¬ 
placement of air. To do this use the special gas-jar cover described 



Fig. 47. —Preparation of a noxious Gas on the open bench, using 
Frankland's Cover Idate and Ware’s Gas-trap. 


below and pass excess gas into the fume cupboard or into Ware's 
gas-trap charged with lumps of ammonium carbonate and stick 
caustic soda moistened with o-88 ammonia, as shown in fig. 47. 

If the special cover is not available proceed as follows: Cover 
the jar to be filled with a piece of cardboard pierced with a hole 
for the passage of the delivery tube. Join the delivery tube 
to the flask by a long piece of rubber tubing so that the delivery 
tube may be withdrawn from a jar without removing the card¬ 
board cover, fig. 65. When a jar is full of gas slowly withdraw the 
delivery tube, slip a glass cover plate under the cardboard, remove 
the full jar, and substitute an empty one. Have all the required 





GAS-JAR COVER 189 

jars, flasks, and cylinders ready to hand and fill them all before 
doing any experiments. 

As soon as the required jars are full join an inverted thistle funnel 
to the preparation flask as in D, fig. 67, and let the remaining gas 
pass into solution. 

A Special Gas-Jax Cover. E. Frankland, 1872.—When collecting 
gases on the lecture bench by displacement of air a special gas-jar 
cover (D, fig. 47) is better than a sheet of cardboard. The cover 
consists of a perforated glass plate fitted with a two-holed bark 
cork carrying a long and a short delivery tube. A bark cork must 
be used, for it is impossible after a short time to work a glass tube 
through a rubber stopper, lubricated with vaseline. The long tube 
should slide easily through the cork, and the tube should be lubri¬ 
cated and of such a size as to facilitate this movement. Light 
gases are sent in through the short delivery tube and heavy gases 
through the long. The glass plate should be well greased so that 
it fits on the jar air-tight, consequently excess gas can escape only 
by the second delivery tube, by which it may be passed into the 
fume cupboard or into a gas-trap. Supposing a heavy gas were 
being collected, connect the preparation flask to D by a length of 
rubber tubing sufficient to allow of DF being withdrawn from the 
jar until its end is flush with the cork. When a jar is full withdraw 
the delivery tube, slide on a cover plate, and simultaneously put 
an empty jar in position. With this arrangement, and Ware's 
gas-^rap, jar after jar of an obnoxious gas may be collected on the 
open bench without the least inconvenience. 

A Home-made Gas-Jar Cover. F.—Frankland's cover plate as 
usually supplied by dealers is made of glass about ^ inch thick. A 
cork to be fitted securely in such a plate must be pushed some dis¬ 
tance beyond the circular opening. Consequently it is not possible 
to change a jar without allowing some gas to escape. I use a piece 
of plate glass of the thickness of half an inch. The cork in this 
cover sits securely in position with its base flush with the under 
surface of the glass. 

The modified form of Frankland's gas-jar cover may be easily 
made from plaster at a cost of less than a penny. 

A cardboard tray 3-3J inches square by inch high—two 
portions cut from the corners of the lid of a cardboard box joined 
with adhesive paper—form quite a suitable mould. In the centre 
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of the tray fix, by means of a drawing-pin passing through the 
bottom of the tray, a cork of the size to be used in the cover. Smear 
the inside of the mould and surface of the cork with vaseline. 
Work a mixture of i part of cement and 2 or 3 parts of plaster of 
Paris into a plastic mass with water. Fill the mould with it, press¬ 
ing the plaster well round the cork, and place aside for a whole day. 
At the end of this time the casting will be firm, but yet soft enough 
to be cut and trimmed. Remove the caidboard mould and, using 
a disc of cardboard inches in diameter as a guide, cut the casting 
into a circular shape. Next, gently rub the base of the cover with 
a little water on a perfectly flat stone until the surface is smooth. 

Properties of Spirit of Salt 

Plunge a lighted taper into a jar of the gas: the taper is 
extinguished. 

The determination of the density (Expt. 389, p. 322), an experi¬ 
ment easily done in a lecture period or by the class in the laboratory, 
will effectually show that the gas is heavier than air. Also, while 
a cylinder is being filled, call attention to the fumes staying at the 
bottom of the jar. 

Expt, 169 ,—The High Solubility demonstrated. Method 1 . (The 
so-called fountain experiment.) E. F. Gorup-Besanez, 1859- 
1868 

The great affinity for water of a highly soluble gas may be shown 
in two ways, equally spectacular. • 

A large flask is filled with the gas. The flask is closed with a 
one-holed cork carrying a length of glass tubing which extends 
about 2 inches outside the cork and inside well into the bulb of the 
flask. The end inside the flask is tapered to form a jet; the outer 
end is furnished with a rubber and clip. 

Use a dry 500-1000 c.c. flask and pass dry hydrogen chloride into 
it for 2-3 minutes, keeping the mouth of the flask loosely plugged 
with cotton wool. Withdraw the delivery tube slowly and insert 
the prepared stopper. Have a trough of water tinted blue with 
litmus. Invert the flask with the rubber immersed in the liquid 
and clamp it in that position, or support the flask by passing its 
neck through the small ring of a retort-stand, as in fig. 48. Get a 
pupil to unfasten the clip. The water rises slowly in the tube, 
but on reaching the flask rushes from the jet with great force; at 
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the same time the litmus changes colour. The experiment is easy 
to perform and is extraordinarily fascinating. Students rarely 
forget this evidence of 
solubility. At i8°, 451 c.c. 
of HCl dissolve in i c.c. of 
water. 

Expt. 170.—The Solubility 
demonstrated. Method 2. 

M. Faraday, 1827 
Dry hydrogen chloride is 
passed into a long narrow 
cylinder filled with mer¬ 
cury. A small quantity 
of water is passed through 
the mercury up into the 
gas. Solution takes place 
with great rapidity and the 
mercury rushes to the top of the tube. 

A thick-walled tube of ^-inch cross-section, closed at one end, and 
of any convenient length, 12-20 inches, may be used, but a much 
easier procedure is to employ a straight eudiometer with a 3-way 
tap, as in fig. 102, or even a glass-tap burette. 

Fill the tube with mercury, close it with the thumb and clamp 
the tube over a vessel of mercury. Pass in dry hydrogen chloride 
until the tube is almost full—sec hints for working with mercury 
on p. 306. Procure a pipette with its end bent into a small semi¬ 
circle. Suck the pipette half-full of water, insert the tip under the 
tube of hydrogen chloride and gently blow in about i c.c. of water 
(see fig. 130, p. 397). The mercury rushes to the top of the tube. 

When using a eudiometer with a 3-way tap pass in the gas 
through the tap as detailed on p. 303, and then proceed as above. 

Expt. 171. — Combination with Ammonia (J. Priestley, 1774) 
Invert a jar of hydrogen chloride over a jar of dry ammonia (for 
preparation see Expt. 156, p. 128) and withdraw the covers. When 
the dense white fumes have settled, open the jar and show the white 
salt. 

Expt. 172.—Reactions with the Solution 

Show that the solution is strongly acidic to litmus. Treat 
portions of the solution with chalk, magnesium, and zinc. To 
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another portion in a cylinder add a solution of silver nitrate; a 
white precipitate falls. Curdle the precipitate by shaking it. The 
precipitate affords a means of identifying hydrogen chloride, but 
the chemistry of the reaction need not be explained to a junior 
class. 

Qualitative Composition of Spirits of Salt.—Hitherto the acid 
gas should be called spirit (or spirits) of salt, and not given the 
name hydrogen chloride until its composition has been established 
by analysis and synthesis. The chlorine may be liberated by 
manganese dioxide, lead dioxide, or red lead. The choice is a 
personal matter. The use of manganese dioxide is of historical 
interest and the reaction with hydrochloric acid is frequently used 
to obtain chlorine in quantity. On the other hand, the composition 
of manganese dioxide is unknown to the class and is never 
established, while it is simple and customary to analyse the oxides 
of lead. The experiment may be elaborated by passing a stream 
of gas over the heated oxide, as in Expt. 173, or may be done in a 
stoppered cylinder, in a most simple way, as suggested by Expt. 174. 

Expt. 173 .—Chlorine liberated from Spirit of Salt 

A stream of hydrogen chloride is passed over manganese dioxide 
warmed in a tube ; chlorine is liberated and collected over brine. 

Set up an apparatus such as that of fig. 49. Let A be a soft-glass 
combustion tube, say 9 inches long, the receiver B (which could 
be omitted) a small Wurtz flask or U-tube, and the pneumatic 
trough C be filled with a saturated solution of common salt. 

While the apparatus is being assembled heat several grams of 
manganese dioxide in a basin with an almost luminous flame to 
ensure that the oxide is dry. Prepare the dry hydrogen chloride 
as in Expt. 168 (&), but use a smaller flask, into which introduce 
3 or 4 bean-size pieces of rock salt. Fill about a 4-inch length of 
the combustion tube with the dried manganese dioxide, held in 
position between plugs of asbestos wool. 

Warm the combustion tube very gently (the reaction takes place 
at low temperature) and pass a steady stream of hydrogen chloride 
through it. A green gas is collected over the brine. Dip a long 
strip of moistened red litmus-paper in the gas—the paper is in¬ 
stantly bleached. Give the name of the gas. Let some of the gas 
escape so that its odour pervades the room. Show that the colour¬ 
less liquid collected in the receiver is water. 
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Expt. 174. — Chlorine liberated from Spirit of Salt. A. Alessi, 1889 


A stoppered vessel is filled 
with dry hydrogen chloride, 
then lead dioxide is intro¬ 
duced, whereon chlorine is 
liberated. 

Pb02+4HCl = PbCl2 + 

CI2 +2H2O 

The vessel is opened under 
water or brine, which rises 
and fills I of the tube. Fill 
a dry stoppered bottle of 
white glass, or a loo-c.c. 
stoppered cylinder, with dry 
hydrogen chloride by dis¬ 
placement of air. Remove 
the stopper, rapidly drop in 
a level saltspoonful (or more, 
see below) of lead dioxide 
and immediately replace the 
stopper, (i gm. of PbOg re¬ 
acts with about 400 c.c. of 
HCl at room temperature.) 
The brown solid turns white, 
showing that chemical action 
is taking place. After a 
minute or two open the 
cylinder under a trough of 
water or brine. The liquid 
rises part way in the 
cylinder and the green 
chlorine is easily seen 
above the liquid. Stand the 
cylinder upright and test 
the chlorine by dipping in 
it a strip of litmus-paper. 

The Liberation of Hydro¬ 
gen from Spirit of Salt (Gay- 
Lussac andTHENARD, 1809). 
As a lecture experiment, 



Fig. 49.—Chlorine from Spirit of Salt. 




144 ACIDS, BASES, AND SALTS 

hydrogen chloride may be decomposed with sodium, iron, mag¬ 
nesium, zinc, or aluminium. The decomposition by means of 
sodium affords the most spectacular reaction, but the experiment 
must be done in a hard-glass tube, which is always ruined in the 
action. Nevertheless, I am in favour of the use of sodium when 
the experiment is for a junior class, because common salt is S5m- 
thesised in the reaction. The operation is not difficult, but should 
be tried over. Sodium amalgam easily effects the decomposition 
without taking toll of the apparatus. Gay-Lussac used potassium. 

Of the remaining metals magnesium, on theoretical grounds, 
should be the most suitable, in that it is the most chemically active. 
Actually a factor is present which counters the activity of the 
magnesium—namely, the physical state of the chloride. The non¬ 
volatile and difficultly fusible magnesium chloride (m.p. 708° C.) 
blankets the metal, reduces the effective surface, and so retards the 
action that, even using two Bunsens, half an hour is required to 
fill one jar with hydrogen. Zinc chloride (m.p. variously given 
250-365° C.) melts and flows away from the metal, while aluminium 
chloride volatilises at 183° C. and condenses farther along the tube. 
These two metals react with hydrogen chloride at moderate tem¬ 
peratures, and the same tube can be used over and over again. 
In addition the reaction illustrates the formation of important 
anhydrous chlorides much used industrially as catalysts. Accord¬ 
ingly, with an advanced class taking a short course of chemistry, 
I would recommend carrying out the decomposition with either 
zinc or aluminium. 

Expt. 175. Hydrogen liberated from Spirit of Salt 
(a) Using Sodium 

Spirit of salt is passed over heated sodium, hydrogen is liberated, 
collected, and identified. 

This experiment is not difficult but requires practice. Fix the com¬ 
bustion tube between the preparation flask and a pneumatic trough 
and close the end of the delivery tube with a Bunsen valve. The 
combustion tube must be of good-quality hard glass—use the best 
in stock—or it will fracture immediately the sodium ignites, and 
before much hydrogen has been collected. The tube rarely survives 
the experiment. Use a small (156-200 c.c.) Wurtz flask for pre¬ 
paring the gas, or a small flask fitted with a one-holed cork and a 
delivery tube, and dispense with a wash-bottle so that a rapid 
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stream of gas may be passed over the sodium. Slide 6-7 bean-size 
pieces of rock salt into the flask. Cut a |-inch cube of sodium, free 
it from petrol, and place it in the combustion tube. Cover the 
rock salt with concentrated sulphuric acid and warm the flask with 
a small flame. As soon as air ceases to issue from the Bunsen 
valve—that is, in less than 
2 minutes after the action 
has begun—place an inverted 
jar of water over the valve 
and begin to heat the sodium; 
at the same time arrange 
for the hydrogen chloride to 
come off at a brisk rate. 

Soon the sodium inflames, 
whereon gas once more issues 
from the valve. When the 
action has finished remove 
the jar of gas and apply a light to it. The gas burns, leaves 
no residue of carbon dioxide, and is therefore hydrogen. Since 
sodium and hydrogen are both elements (see comment, p. 507), 
the hydrogen can have come only from the spirit of salt. If time 
permits sweep the hydrogen chloride from the tube with a current 
of air and remove and show the white product; have it tasted, 
show it to be soluble in water, and identify it as common salt. 

N.B .—The black stain on the tube in the neighbourhood of the 
sodium is mostly silicon. 

Macnair's Method. D. S. Macnair, 1902.—Macnair uses a hard- 
glass test-tube in place of the 9-inch combustion tube. His pro¬ 
cedure is similar to that above detailed and his apparatus is depicted 
in fig. 50. 

Expt. 176.—Hydrogen liberated from Spirit of Salt. F. 

(b) Using Sodium Amalgam 

Take an 18-inch length of §-inch soft-glass tubing, bend slightly 
upwards the last 3 inches of both ends, making a tube shaped thus: 

\_/. Connect the tube between an apparatus for supplying 

dry hydrogen chloride and a pneumatic trough. Amalgamate 2 gm. 
of sodium with 20 c.c. of mercury, following the procedure detailed 
in Expt. 418. Place the amalgam in the tube. It is advisable to 
use a Bunsen valve, but it does not serve to indicate when the small 

10 



Fig. 50. —Hydrogen from Spirit of Salt. 
(Macnair.) 
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amount of air in the tube is expelled, for the reaction goes on in 
the cold. Still, wait till the streaming hydrogen chloride has 
expelled the air from the preparation flask before connecting the 
latter with the tube of amalgam. Place an inverted jar of water 
over the delivery tube, warm the amalgam gently, pass a slow stream 
of dry hydrogen chloride over it, and rock the tube to expose a fresh 
surface to the action. Hydrogen is easily obtained. 

The amalgam may also be placed in a small Wurtz flask (Heumann, 
1876) and the hydrogen chloride bubbled into it. However, when 
this is done, arrangements must be made to have the hydrogen 
chloride under a fair pressure or it will not pass into the amalgam. 
With the modification above success is easy. 

Argument.—Expts. 174 and 175 show that spirit of salt contains 
hydrogen and chlorine. Expt. 187 shows that the spirit can be 
made from only hydrogen and chlorine. The name hydrogen 
chloride can henceforward be used. Expts. 41 vS to 423, on the 
quantitative composition of hydrogen chloride, might with advantage 
be taken here. 

Expt. 177 .—Hydrogen liberated from Spirit of Salt. F. 

(c) Using Aluminium 

Anhydrous aluminium chloride is prepared in this experiment. 
Use a similar apparatus to that of Exp. 175, but place a wash-bottle 
of concentrated sulphuric acid between the preparation flask and 
the combustion tube, which need be of only moderately hard glass. 
Place a few grams of aluminium foil in the middle of that half of 
the tube nearer the supply of hydrogen chloride. Insert a loose plug 
of asbestos wool near the cork at the other end. Thus a large 
portion of the tube is left clear, enabling the class to see the 
aluminium chloride sublime. As before, expel the air before heat¬ 
ing the combustion tube. The cessation of the air bubbles is not too 
obvious to the class because the action begins in the cold ; but when 
the sdr is almost expelled (that is in about 2 minutes with apparatus 
of the given dimensions) fumes appear as the bubbles meet the air. 
Heat the portion of the tube where the aluminium lies, with a Bunsen 
flame. Hydrogen is evolved and a jarful (300 c.c.) easily collected 
in 5 minutes. Collect a second jarful if desired. Allow the com¬ 
bustion tube to cool; tap or scrape out the snow-like aluminium 
chloride into a dry test-tube, which cork immediately. When the 
experimental result has been adequately discussed, a junior class 



HYDROCHLORIC ACID 147 

should be shown the aluminium chloride and told that it is a 
valuable chemical. Allow one or two drops of water to fall on the 
chloride ; reaction takes place with a violent hiss, and the contents 
of the tube become hot. 

Ezpt. 178 . —Hydrogen liberated from Spirit of Salt 
(d) Using Zinc 

Use an apparatus and procedure similar to that of Expt. 177. 
It does not matter whether the zinc be used in form of rod, foil, 
powder, or otherwise, because it soon melts (m.p. 419° C.) to one 
large globule. The mobile molten zinc runs along the tube. I 
therefore prefer to place it in a boat. The home-made nickel 
boats described by K. H. Hagopian (1934) are excellent for this 
purpose. The zinc chloride melts (m.p. 290° C.) and flows away 
from the zinc, the surface of which remains lustrous and silvery 
throughout the experiment. A jarful of hydrogen is easily collected 
in about 5 minutes. 

As in Expt. 177, when the main argument is finished scrape out 
the zinc chloride and show its vigorous action with water. 

To clean the Boat. —Immerse the boat for a minute in dilute 
hydrochloric acid, say 4Ai^; this loosens the zinc, the bulk of which 
may now be scraped out with an old knife. Replace the boat in 
the acid till all the zinc has dissolved ; if the boat is left too long 
immersed a small amount of nickel will likewise dissolve. 

Expt. 179 . —Hydrogen Chloride decomposed by Magnesium 

This method is slow and is not recommended unless it is particu¬ 
larly desired to prepare anhydrous magnesium chloride. Use the 
apparatus and procedure of Expt. 177. Place in the combustion 
tube a coil, 0*5-1 gm., of magnesium ribbon. When the air has 
been expelled, heat the magnesium. The metal melts (m.p. 633'^ C.) 
and remains silvery bright throughout the experiment. But the 
globules of metal sink in the difficultly fusible chloride and the 
evolution of hydrogen is extremely slow, about one jarful in 30 
minutes. Unfortunately the magnesium attacks the glass and 
generally ruins the tube. 

The Preparation of Chlorine in Quantity. —There are several 
satisfactory study-methods of preparing chlorine of moderate purity. 
Accordingly, the teacher should develop the one he intends to use. 
Perhaps the two most common of school methods are; 
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(a) The action of hydrochloric acid on manganese dioxide—a 
repetition of the original experiment of Scheele (1774). 

{b) The action of moderately dilute sulphuric acid on a mixture 
of salt and manganese dioxide.—C. L. Berthollet (1785). 

Both these methods are satisfactory and the chemistry of the 
reactions simple. 

The gas may be collected on the open lecture bench by displace¬ 
ment of air, using the special gas cover and trap exactly as described 
for hydrogen chloride in Expt. 168. For some experiments it is 
better to collect the chlorine over brine, therefore have a small 
trough of brine and the necessary delivery tube ready so that the 
change-over can be quickly made. The collection of considerable 
volumes of chlorine over brine on the open bench should be avoided. 
A small amount of chlorine vapour in the room is not unpleasant, but 
should a large amount be accidentally released sprinkle ammonia 
on the bench and on the floor of the room. If the lungs are affected 
warm some alcohol in a basin and inhale the vapour. 

Expt. 180 .—Preparation of Chlorine (K. Scheele, 1774) 

Fit up an apparatus as shown in fig. 47. The flask A should be 
of about 500-C.C. capacity, the thistle funnel may be omitted if 
desired. The wash-bottle B contains water. Wlien dry chlorine 
is required insert a wash-bottle of concentrated sulphuric acid 
between B and D—but with a young class it is not advisable to 
complicate the apparatus unnecessarily. The excess gas may be 
passed into a fume cupboard or hood if either of these is conveniently 
situated, but it is more instructive to use the device of Expt. 168 
and collect the gas on the open bench. Charge the gas-trap E 
with several bean-size lumps of ammonium carbonate and cover 
them with 4iV-NaOH. Slide into the preparation flask 20-30 gm. 
of manganese dioxide in small lumps—the powder is too reactive— 
and pour in 80-100 c.c. of concentrated hydrochloric acid. Warm 
the flask very gently, using a small flame. As with hydrogen 
chloride, all the jars required may be filled before beginning the 
experiments, but the need is not so urgent, the gas is steadily evolved 
and there is little likelihood of back-suction. Smear the ground 
surfaces of the cover plates and of the gas jars with vaseline. Jars 
so treated will hold the surplus chlorine for weeks and will save 
the labour of setting up a preparation apparatus when an odd jar 
is required. 
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Alternative method: 

Eicpt. 181 . — Preparation of Chlorine (C. L. Berthollet, 1785) 

Chlorine is vigorously evolved when a mixture of salt and mangan¬ 
ese dioxide is treated with concentrated sulphuric acid. Experience 
has shown that the evolution of gas is more steady if the acid 
is somewhat diluted with water. Various dilutions have been 
recommended, for instance : mixtures by volume of acid and water, 
2:1, II : 8, 3:1. All afford the same steady stream of chlorine 
but at slightly varying temperatures. A stock of the specially 
diluted acid should be kept for this preparation and a stock quantity 
of the solid mixture should also be made. Use 100 gm. of pyrolusite 
to every 130 gm. of salt. The gas so prepared will serve for most 
lecture purposes, but it must be remembered that most commercial 
manganese dioxide contains carbonate—as will be seen by trying 
the action of dilute sulphuric acid upon it. When pure chlorine 
is required it should be prepared by the method of Expt. 390. 

Use the apparatus of fig. 47, but omit the thistle funnel. Place 
100 gm. of the solid mixture in the flask A. When ready pour in 
200 c.c, of cooled diluted acid (say ii acid, 8 water by volume): 
swirl the liquid a minute to wet the bottom of the flask and so pre¬ 
vent the solid mixture from caking. As before, place a little water 
in the wash-bottle B. The gas is evolved slowly without any 
warming, but use a small flame when a brisker stream of gas is 
required. Proceed as in the previous experiment. 

Chemistry of the Preparation. F.—This digression could be 
omitted with a junior class—see note on p, 33. 

Expt. 182 .— Formation and Decomposition of Manganic Chloride 

Place in a small flask a teaspoonful of the so-called granular 
manganese dioxide (lumps about half the size of beans, do not use 
the powder, it is too reactive) and add about 50 c.c. of concentrated 
hydrochloric acid. In one minute the liquid grows dark and 
opaque. Pour off the opaque liquid into another flask. Show that 
the dark liquid is clear and transparent by diluting 10 c.c. of it 
to 50 c.c., when a clear deep brown solution is obtained. Heat the 
flask containing the remainder of the undiluted dark liquid. Gas is 
evolved in abundance; show that the gas is chlorine by holding 
in it a strip of moistened litmus-paper. The dark colour disappears 
with the chlorine and a colourless (or pale green due to iron) liquid 
remains. Neutralise the clear liquid^ best done by adding anhydrous 
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soda in small portions, and test it for manganese by any reaction 
familiar to the class. It is manifest that the clear liquid is a solu¬ 
tion of manganese chloride and the dark liquid must therefore 
contain a higher chloride of manganese, MnCl4 or MnClg. The 
mechanism of the action would therefore appear to be the formation 
of manganese tetrachloride and its subsequent decomposition by 
heat. 

MnOg + 4HCI = MnCl4 + 2H2O 
MnCl4 = MnClg + Clg 

These intermediate reactions would suffice to explain the 
mechanism of the production of chlorine in Bcrthollct's method, 
as also that of Schecle, were it not for the result of the next 
experiment. 

Expt. 183.—The Action of Sulphuric Acid on Manganese Dioxide 

Place a teaspoonful of powdered manganese dioxide in a small 
flask; add a few c.c. of concentrated sulphuric acid and gently 
warm for two or three minutes. Insert a glowing splint into the 
flask ; the splint bursts into flame, revealing the presence of oxygen. 
Always let the evolution of gas proceed for a minute or two before 
inserting the splint or the result will be puzzling. Actually the 
first gas evolved is carbon dioxide, from the invariable carbonate 
impurity in the manganese dioxide. Also, a glowing splint will 
burst into flame only in an atmosphere containing above 40 per 
cent, of oxygen. 

The interaction of sulphuric acid and the solid ingredients of the 
chlorine mixture therefore affords oxygen and hydrogen chloride. 
Now the actual product collected is chlorine, consequently the 
liberated oxygen, aided by the energy of the reaction, must oxidise 
the hydrogen chloride. The investigation is interesting because 
it shows that a chemical action may afford the same end products 
by proceeding along different paths. 

Properties of Chlorine 

Expt. 184.—Solubility of Chlorine 

The solubility of chlorine is manifest from the colour and odour 
of the water into which it has been passed. If desired it may 
be directly demonstrated as follows: Fill a loo-c.c. stoppered 
cylinder with chlorine, add 20 c.c. of water, and shake , the cylinder 
for a minute. Place the cylinder in front of a white screen and note 
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the colour of the aqueous phase. Pour the solution into an open 
vessel and dip a strip of litmus-paper into the liquid. To show the 
solubility in a solution of caustic soda or potassium iodide pass 
chlorine into a brine-filled burette inverted over a vessel of brine, 
or use a 12-inch length of J-inch tubing closed at one end. Transfer 
the tube of chlorine to a vessel of one of the above-mentioned 
solutions. The liquid rises and fills the tube. 

The density of chlorine is obvious from the filling process. The 
actual value may be found by Expts. 390, 392, or 397. 

Expt. 185 .— Bleaching with Chlorine Water (C. L. Berthollet, 1789) 

The bleaching action is best demonstrated with dilute chlorine 
water. In small cylinders or gas jars place various solutions— 
indigo, red ink, black ink, litmus, coloured petals, etc. Add a few 
c.c. of chlorine water to each jar. Some of the dyes bleach slowly, 
others rapidly. Write with ordinary ink on a piece of newspaper, 
then suspend the paper in a jar containing chlorine water. Only 
the written words will be bleached. 

Expt. 186 .— Dry Chlorine does not bleach 

Some hours before the lesson pour about 20 c.c. of concentrated 
sulphuric acid into a jar of chlorine and cover the jar with a well- 
greased plate. Fasten a piece of turkey twill to a glass rod and 
trace a letter on the twill with water. Use only sufficient water to 
mark the letter ; do not unduly damp the fabric. Remove the 
cover and quickly insert the clothed rod. The cloth is bleached 
only where damp, thus disclosing the identity of the letter. 

With a class sufficiently advanced some account of the manifold 
uses of chlorine as a bleaching agent in industry should now be 
given. For the preparation of bleaching powder see Expt. 346. 

Expt. 187 .— Synthesis of Hydrogen Chloride 

(a) Invert a jar of dry chlorine over a jar of hydrogen—the 
experiment must not be done in bright sunlight—remove the 
covers, whereon the class see the chlorine * fall ’ into the hydrogen. 
Mix the gases by inverting the jars a few times. Now cover 
each jar. Ignite a jar, taking care to remove the cover completely 
—the explosion is tremendous and fumes of hydrogen chloride 
arise. 

( 5 ) E. F. Gorup-Besanez, 1859-1868.—Using a Kipp or other 
arrangement suggested on p. 49, and taking the precautions given 
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there, bum the hydrogen at a silica jet so that the flame is about 
J inch in length (fig. 51). Lower the flame into a jar of chlorine. 
Fumes of hydrogen chloride stream from the cylinder. Identify 
the fumes by breathing on them and by the action of moistened 
blue litmus-paper. Use a long strip, say 6 by 
I in,, of paper, so that the reaction may be visible 
to the class. 

Expt. 188 .—Reaction with Phosphorus 

Dry a piece of phosphorus, pea-size, place it in 
a deflagrating spoon, and lower the spoon into a jar 
of chlorine. The phosphorus catches fire spon¬ 
taneously and burns with a feeble greenish flame. 
Since two elements are reacting, the yellowish 
deposit on the sides can only be chloride of 
phosphorus. 

Expt. gp. 189 .—Chlorine reacts vigorously with Metals 

(a) Chlorine and Antimony (or Arsenic) 

Place some finely powdered antimony in a piece of muslin. Shake 
the bag over a jar of chlorine so that the finest particles fall into 
the jar. The dust on reaching the chlorine catches fire and burns 
brilliantly. N,B .—The metallic fumes are poisonous in quantity, 
and should not be unduly inhaled if the experiment be done on the 
open bench. Of course the experiment is better carried out in 
the fume cupboard. 

(b) Chlorine and Copper 

Use Dutch metal (imitation gold leaf, CuZn) for this experiment. 
Place 2 or 3 leaves of metal in a small lipless beaker or jar, having 
a mouth of the same size as that of a gas jar. Place a jar of chlorine 
over the beaker. The heavy chlorine descends on the leaves, 
which catch fire and burn with a dull glow. 

(c) Chlorine and Magnesium. O. Ohmann, 1920 

Fasten a bundle of magnesium wool to an iron rod, sprinkle the 
magnesium with powdered antimony, and plunge it into a jar of 
chlorine. The spontaneous ignition of the antimony sets fire to 
the magnesium, which burns vigorously. Snow-white voluminous 
magnesium chloride coats the inside of the jar. 

(d) Chlorine and Mercury. C. J. Woodward, 1895 

Place 2-3 c.c. of mercury in a stoppered cylinder of chlorine and 


Hydrogen 



Fig. 51.—Syn¬ 
thesis of Hydro¬ 
gen Chloride. 
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shake up the cylinder. The sides of the cylinder become coated 
with a continuous film of mercury as though the inside were silvered. 
Stand the cylinder for the class to watch it; in a short time the 
film appears eaten through as white patches of the chloride appear. 

(e) Chlorine and Sodium. K. Heumann, 1876 

Owing to its theoretical importance it is advisable to make this 
synthesis a special experiment and not attempt to do it in a gas jar. 
Sodium is ignited in a rapid stream of chlorine. Use a piece of 
combustion tubing of the best quality hard glass. Join the com¬ 
bustion tube to a small wide-necked Wurtz flask to act as a receiver, 
pushing the tube well into the neck of the flask. The excess of 
chlorine passes out of the stem of the Wurtz flask, and may be led 
into the fume cupboard or into a trap. Dry a piece of sodium the 
size of half a bean, place it in the tube, connect with the chlorine 
supply, and pass the gas for a few minutes to expel air. The sodium 
becomes coated with a crust of chloride, which protects it from 
further action. Heat the sodium strongly and pass a fast stream 
of chlorine. The sodium ignites and burns with a yellow flame 
of extraordinary intensity. The sodium chloride is carried over 
by the excess chlorine and deposited in the cold receiver. Since 
only sodium and chlorine were in the enclosed system the white 
product must be sodium chloride. Detach the chlorine apparatus 
and, using a hand-bellows, expel the excess chlorine with a stream 
of air. Show that the white product is soluble in water and has 
the taste of common salt. 

Expt, 190 .—A Candle burnt in Chlorine 

Bend the end of an iron wire into a semicircle and fasten a small 
piece of candle to the short arm of the wire. Light the candle 
and lower it into a jar of chlorine. The candle bums with a red 
flame and soot is deposited. Fumes appear which are easily 
identified as hydrogen chloride. the fumes accumulate they 
extinguish the flame, which relights if the candle is lowered further 
into the unchanged chlorine. The experimental results may be 
dwelt upon if desired ; it is obvious that the material of candle 
contains carbon and hydrogen. 

Expt. 191 .—Turpentine and Chlorine 

Warm some turpentine in a basin, immerse a bundle of glass 
wool in the turpentine, wring out the wool and drop it into a jar 
of chlorine—cleaving the jar uncovered. The turpentine inflames. 
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dense fumes (identified as hydrogen chloride) appear, and carbon 
is deposited. The experiment is often done by dipping blotting- 
paper into turpentine, but it is not then clear that it is the turpentine 
which inflames. 

The Action of Chlorine on Water (C. L. Berthollet, 1785) 

The foregoing experiments show that chlorine reacts vigorously 
with both elements and compounds, especially if the latter contain 
hydrogen. The question arises : Can chlorine react with hydrogen 
in water ? It obviously cannot under ordinary conditions, inasmuch 
as chlorine water is a familiar reagent. However, if water is sub¬ 
jected to a strain, whereby the union of the elements is weakened, 
then chlorine successfully attacks the water. 

Expt. 192.—Chlorine Water decomposed by Sunlight 

Fill a long glass tube, say | by 20-30 inches, closed at one end, 
with chlorine water, invert it over a vessel of brine, and expose 
the apparatus to bright sunlight. Bubbles of a colourless gas 
collect at the top of the tube. In bright sunlight sufhcient gas for 
identification will have collected in a few hours. Invert the tube 
and immerse a glowing splint in the gas—the splint bursts into flame. 

Expt. 193.— Superheated Steam decomposed by Chlorine. K. 

Heumann, 1876 

A mixture of chlorine and steam is made to traverse a red-hot 
tube. The issuing gas is passed through a solution of caustic soda 
and the collected gas shown to be oxygen. 

A tube heated in a table furnace as described by Heumann and 
by Newth is not necessary. The reaction may be easily and rapidly 
carried out by using the heat of one Bunsen flame impinging on 
a length of silica tubing of narrow bore. Fit up the apparatus 
as shown in fig. 52. In the method depicted chlorine is prepared 
by dropping concentrated hydrochloric acid on potassium perman¬ 
ganate (see p. 323), but any other convenient way of preparing 
the gas will serve. Insert a wash-bottle containing sulphuric 
acid. It is not essential for the experiment, but permits of the 
counting of the bubbles of chlorine (see p. 135). Place dilute caustic 
soda in the trough and have ready a gas jar filled with the same 
liquid. D is an 8-inch length of silica tubing of 2-3 mm. bore 
connected to the steam flask and delivery tube by rubber tubing. 
Bark corks may be used if desired, but when rubber is used the 
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entire apparatus can be rapidly assembled. The tube leading the 
chlorine into the steam flask does not dip under the boiling water, 
thus there is no danger of water sucking back in the preparation 
apparatus. When all is ready undo the rubber joint C between 
the steam flask and the wash-bottle. Bring the water in the flask 
to the boil, incidentally expelling air from the silica tube. Mean¬ 
while start the stream of chlorine by running in not more than i c.c. 



of acid. When (in less than 2 minutes) the green colour indicates 
that the preparation flask and wash-bottle are full of chlorine 
momentarily remove the flame heating the flask of water, and 
connect the chlorine supply to the steam flask. Make the middle 
section of D hot with one good Bunsen burner, and place the jar 
of caustic soda in the trough. Within one minute a colourless gas 
begins to collect in E. When the jar is half or three parts full test 
the gas with a glowing splint—the gas is oxygen. 

Argument from the Experiment, —To a junior class I explain the 
action as follows: Chlorine has a strong affinity for hydrogen, but 
so likewise has oxygen. Under ordinary conditions chlorine cannot 
deprive the oxygen of the prize. Heat decomposes many compounds, 
and although water is not split up at a red heat the attraction between 
the hydrogen and oxygen is probably weakened. Consequently the 
chlorine is able to attack the weakened water and hydrogen chloride 
is formed. From this it follows that under the conditions used in 
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the experiment hydrogen chloride is the more strongly built com¬ 
pound. Furthennore, the experiment reveals the chemically active 
power of the sun's rays. The energy in the sun's rays decomposed 
chlorine water in the cold ; a red heat was required to effect the 
same reaction. 

Other reactions of chlorine : with hydrogen sulphide, Expt. 240 ; 
with hydrogen iodide, Expt. 330 ; with quicklime, Expt. 115 ; 
with slaked lime, Expt. 346 ; with ethylene, Expt. 140. 

NITRIC ACID AND ITS DECOMPOSITION PRODUCTS 

Expt. 194 ,—Preparation of Nitric Acid from Nitre (J. R. Glauber, 
1648). M. Faraday, 1827 

Nitre is treated with an excess of concentrated sulphuric acid: 
the nitric acid formed by metathesis is removed by distillation. 



This preparation is better carried out by the class in the laboratory, 
but if it must be done as a lecture experiment proceed as follows:— 
In a stoppered retort place 40 gm. of nitre (or sodium nitrate may 
be used), and by means of a short thistle funnel add 30 c.c. of con¬ 
centrated sulphuric acid. Close the retort with a glass stopper and 
arrange the apparatus as shown in fig. 53. Call attention to the 
absence of corks and rubber connections. Warm the retort gently ; 
the liquid soon appears to boil, browh fumes fill the retort, and a 
yellow liquid collects in the receiver. The chemistry of the action 
need not be expounded to a young class. The brown fumes are. 
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of course, due to the unstable roo per cent, nitric acid, formed 
in the first place, decomposing to the more stable constant boiling- 
point mixture containing 98*6 per cent, of HNO3- It is sufficient 
with a young class to recall that, since nitric acid is completely 
decomposed at a red heat (Expt. 31), some decomposition should 
be expected at the moderate temperature used. Remove the flame 
when the liquid no longer seems to boil; this point is quite easily 
seen, since nitric acid boils at 86^^ C., while sulphuric acid (98 per 
cent.) boils at 338° C. Remember that the product (about 16 c.c.) 
is good-quality nitric acid—viz. 98-6 per cent, acid of density i'5i. 
It should be stored in a glass-stoppered bottle and retained for 
special experiments. Ordinary commercial strong nitric acid has 
density 1*42, boils at 120*5°, consists of 68 per cent, of HNO3 
and 32 per cent, of HgO. It is advisable to pour out the molten 
potassium hydrogen sulphate, for on solidification it is apt to crack 
the retort. Do not pour out from a height or into water. Grasp 
the retort by the stem and pour the liquid out from the tubulure 
into a dry earthenware trough. 

Properties of Nitric Acid 

Ezpt. 195 .—The Acid is corrosive 

By means of a glass rod place one drop of the acid (d i*5i) on 
a strip of blue litmus-paper. The paper is first reddened and soon 
converted into a yellow compound—destroyed as paper. 

Pour a few c.c. of the acid into a dish and dip the end of a white 
feather in the acid. The immersed portion turns yellow. Hold a 
flower by the stalk and dip the petals into the acid. Try the same 
experiment with a cork on the end of a glass rod ; a piece of wool, 
or a piece of coloured fabric; all corrode and turn yellow with the 
acid. Place a small drop on a finger-nail—the yellow compound 
is formed. 

If a piece of gold is available (18 carat or over) place it in a 
cylinder with the nitric acid—no action takes place. Show that 
platinum is similarly inert. In a second cylinder place a piece of 
brass and add a few drops of add. A violent action occurs, and 
brown fumes arise in torrents. Cover the jar as soon as the fumes 
reach the top, and convey it to the fume cupboard. 

Familiar salts of nitric acid, such as the ammonium, calcium, 
copper, lead, potassium, and sodium salts, should be prepared by 
the dass in the laboratory. 
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The Decomposition of Nitric Acid by Heat. —The thermal 
decomposition of nitric acid shows that oxygen and a brown gas 
are among its constituents. This experiment, which is best done 
in a churchwarden pipe and has been already described (Expt. 31), 
may well be repeated at this stage. When the oxygen has been 
collected and identified, remove the pneumatic trough and allow the 
class to see the brown gas issuing from the mouthpiece. It is 
obvious that the brown gas was not seen before, owing to its 
solubility in water. Make it clear to the class that the acid has 
been decomposed by putting more energy into it; in this instance 
heat energy. Other forms of energy will effect a like decomposition. 
Thus, since the acid so easily gives up oxygen it should behave as 
an oxidising agent; consequently reducing agents should, by the 
energy of chemical action, combine with the oxygen of nitric acid 
and so decompose the molecule. When this decomposition occurs 
the brown gas will be evolved. Whenever therefore in a reaction 
with nitric acid the brown gas is evolved—the hoisting the red- 
brown flag ''—it is a sign that the acid is giving up oxygen to a 
reducing agent. 

Expt. 196.—Vigorous Oxidation of Turpentine. J. H. Walton, 

1931 

Place glass wool in a dry gas jar and press it down firmly ; use 
sufficient wool to make a plug 2-3 inches deep. Have ready in two 
small flasks or in test-tubes 5 c.c. of turpentine and 2 c.c. of fuming 
nitric acid. Warm the turpentine to 50-60° and pour it on the 
pad; then add the nitric acid. Torrents of brown fumes arise, 
and in 2 or 3 seconds (so be prepared) the mass bursts almost 
explosively into flame. 

Expt. 197.—Vigorous Oxidation of Carbon. Audrey H. Heap. 

(Private communication.) 

Pour nitric acid {d 1*5) into a watch-glass. Touch the surface 
of the, acid with a glowing cedar splint (or better with a tight 
bundle of 3 or 4 splints so as to get a large mass of red-hot carbon). 
The splint bursts into flame and brown fumes arise from the acid. 
Do the experiment against a white background. 

(This method is so simple and so superior to the methods given 
in the first edition that I have omitted them.) 



NITRIC ACID 159 

Expt. 198.— Hydrogen obtained from Nitric Acid 

Hydrogen is evolved when sulphuric and hydrochloric acids are 
moderately diluted and treated with various metals. It will be 
found that the action of metals on moderately diluted nitric acid 
affords not hydrogen, but a colourless gas which turns brown in 
the air. Still, hydrogen may be obtained by the action of mag¬ 
nesium on very dilute nitric acid. 

Take a 200-c.c. flask, fit it with a one-holed cork and delivery tube 
in connection with a pneumatic trough and arrange the flask for 
heating as in fig. 78. Mix 10 c.c. of nitric acid {d 1*42) with 250 c.c. 
of water. Fill the flask completely with this mixture. Suck the 
delivery tube full of water, get an assistant to place a few grams 
of magnesium ribbon in the flask, then insert the . cork. Warm 
the flask and collect the gas evolved. Show that the gas has the 
properties of hydrogen. 

The deduction from the experimental result—viz. that nitric 
acid contains hydrogen—is not scientific, because magnesium 
decomposes hot water until the metal becomes protected with 
oxide. The evidence may be supplemented with that afforded by 
the following experiment. 

Expt. 199.— Hydrogen recognised in Nitric Acid. F. 

In a small dry flask place a few grams of common salt in fine dry 
powder. Moisten the salt with a few drops of nitric acid [d 1*5). 
An acid gas is evolved, which fumes when breathed upon, and gives 
a white precipitate when a rod moistened with silver nitrate is held 
in it. The gas is therefore hydrogen chloride, and since salt is 
composed of sodium and chlorine only, the hydrogen must have 
come from the nitric acid. Neither this experiment nor the pre¬ 
ceding one shows the presence of hydrogen in nitric acid in a 
thoroughly convincing way. When a problem presents a difficulty 
of this kind we attack it in several ways and argue from the accumu¬ 
lation of evidence. In a later experiment hydrogen wiU be used 
in the attempted synthesis of nitric acid. 

Expt. 200. —Nitrogen a Constituent of Nitric Acid. A. Joly and 
R. Lespieau, 1904 

A mixture of nitric acid and hydrogen is passed over heated 
platinum, whereon ammonia is produced. The nitrogen of the 
ammonia can have come only from the nitric acid. 

Fit up an apparatus such as that of fig. 54. Almost fill the tower 



160 


ACIDS, BASES, AND SALTS 

with glass beads and charge the dropping funnel with fuming nitric 
acid. Fill a 2-inch section of the combustion tube—which need 
only be of soft glass—with platinised asbestos (see below). Join 
the tower to an apparatus for preparing dry hydrogen. Sweep 
the air out of the apparatus with hydrogen, and run in a few c.c. 
of nitric acid to moisten the beads. Warm the tube quite gently 



Fig. 54.—Nitric Acid reduced to Ammonia. 


(remember ammonia is decomposed at 500°) and test the issuing 
gas with moistened red litmus-paper. Ammonia is easily obtained. 
Hold a rod moistened with hydrochloric acid in the issuing gas; 
also, with a small bellows, blow the gas towards the class. 

Preparation of Platinised Asbestos.—Hold a tuft of asbestos wool, 
say I inch long and | inch in diameter, with crucible tongs, moisten 
it with drops of platinic chloride, best added with a small pipette, 
and heat in a Bunsen flame. The salt is decomposed and platinum 
as a black stain is deposited on the asbestos. Continue with the 
heating until no more fumes arise and the asbestos is white-hot. 
Remove it from the flame and forthwith place it in the combustion 
tube. Two tufts of the size mentioned are sufficient for an ordinary 
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experiment. Unfortunately the platinised asbestos can be used only 
about twice, for on prolonged heating the asbestos becomes brittle 
and crumbles to powder. Still, there is this advantage, the 
necessity of making it for each experiment allows the class to see 
the process, which is based on the easy decomposition of salts low 
in the electro-potential series. 

Note.—The synthesis of nitric acid should be deferred until the 
oxides of nitrogen have been studied. The actual names and 
compositions of the oxides will not be given at first if the study is 
taking the form of a scientific investigation on the lines suggested 
in Appendix I, p. 505. 

Thus far two new gases have appeared, nitric oxide, which for the 
time being may be called the colourless gas from nitric acid, and 
the brown gas, nitrogen peroxide, which has appeared in several 
reactions. 

Expt. 201 .—Preparation of the Colourless Gas (Nitric Oxide) 

(In the following paragraphs the name nitric oxide has been used 
for brevity.) 

This gas is produced when copper interacts with moderately 
dilute nitric acid. 

Set up a preparation apparatus consisting of a flask, thistle funnel, 
delivery tube, and pneumatic trough, such as that depicted in fig. 10. 
Dilute a quantity of nitric acid {d 1-42) with its own volume of 
water. Slide 20-30 gm. of copper chips or turnings into the flask. 
Insert the cork and make sure that the thistle funnel almost touches 
the bottom of the flask. Add suflicient of the diluted acid to cover 
the bottom of the thistle funnel. Gas is soon evolved and brown 
fumes appear in the flask. Any explanation of the phenomena 
may be postponed until the reaction of nitric oxide and air 
has been studied. However, discard the first jar of collected 
gas. 

As is well known, the nitric oxide prepared in this reaction is 
accompanied by varying amounts of nitrous oxide and nitrogen. 
Nitric oxide, soluble in a solution of copper nitrate, is retained and 
reduced by the copper to nitrous oxide. When therefore about 
6 jars of nitric oxide have been collected, and more are required, 
the copper nitrate should be poured off and a fresh start made. 
When the pure gas is required I find that it is most easily made by 
Thiele's method (Expt. 383). 


11 
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£zpt. 202 .— The Relation of Nitric Oxide to the Brown Gas. F. 

Set up an apparatus, such as that used in the last experiment, for 
the preparation of nitric oxide. Have the preparation flask empty, 
except for sufficient water to close the end of the thistle funnel. 
Place half a jar or cylinder of nitric oxide over the delivery tube. 
Pour a few c.c. of water down the funnel so that a corresponding 
volume of air is sent into the nitric oxide. The brown gas appears 
and soon dissolves in the water. Send in a few more c.c. of air 
and continue the addition until brown fumes no longer appear. If a 
stoppered ioo~c.c. cylinder is used the brown fumes are easily 
removed by shaking the cylinder. Furthermore, if the teacher 
knows the volume of nitric oxide taken, the approximate amount 
of water required may be used. Test the residual gas and show 
that it is nitrogen. Therefore, both the oxygen and nitric oxide 
have been chemically removed, apparently by uniting to form the 
soluble brown gas. 

Repeat the experiment but use an aspirator of oxygen instead 
of a flask of air. If the oxygen is cautiously added the gas in the 
cylinder completely disappears. The combination with oxygen is 
therefore confirmed. 

Draw attention to the early attempts (1772) of Priestley to analyse 
air by this reaction. 

Expt. 203 .— Formation of Nitroso Ferrous Sulphate. FeSO^-NO 

The name of course will not be used with a young class who are 
still calling nitric oxide the colourless gas from nitric acid. 

Dissolve a few grams of ferrous sulphate in 20 c.c. of dilute 
hydrochloric acid in a beaker. Pour the solution rapidly into a 
stoppered cylinder of nitric oxide. Agitate the contents for a few 
seconds. A deep brown liquid is formed. Transfer the dark liquid 
to a small flask, which it fills, otherwise fill any remaining space 
with water. Fit the flask with a delivery tube; suck the delivery 
tube full of water and insert the cork. Heat the flask and collect 
the gas evolved in a small tube. The solution returns to its original 
green colour, while the gas on investigation is found to be nitric 
oxide. The dark-coloured liquid therefore is, or contains, a com¬ 
pound of nitric oxide and a ferrous salt, and serves to identify the gas. 

Expt. 204 .— Explanation of the Brown Ring Test. F. 

Cold concentrated nitric acid and hot dilute nitric acid react with 
ferrous sulphate to form the dark unstable compound FeS04N0. 
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Prepare a solution, not too dilute, of ferrous sulphate thus: 
dissolve lo gm. of the hydrated salt in loo c.c. of 2-4 iV sulphuric 
acid. Transfer a portion of this solution to a cylinder or lecture glass 
and pour in a few c.c. of concentrated nitric acid. The dark 
unstable nitroso ferrous sulphate forms at once throughout the 
liquid. Since the dark substance is known to be a compound of 
ferrous sulphate and nitric oxide, some of the ferrous sulphate must 
have reduced the nitric acid. 

To another portion of the ferrous sulphate solution add 10-20 c.c. 
of pure dilute nitric acid, say 4iV, no brown appears whatever (but 
some may on standing, the rapidity of formation depends on the 
concentration of the reagents and a trial should be made before¬ 
hand). Warm the mixture; the brown compound soon appears, 
but rapidly decomposes in the hot liquid. Now carry out the usual 
brown ring test, using a boiling tube. Pour in ferrous sulphate to 
the depth of i inch and then an equal volume of dilute nitric acid 
and mix the liquids with a rod. As expected, no action occurs. 
Now slant the tube and pour strong sulphuric acid slowly down the 
side until a layer of the acid i inch in depth is formed. (Needless 
to say, these large quantities are taken so that the phenomena shall 
be visible to the class.) The brown ring forms on the surface of 
the sulphuric acid; that is, in the zone where sulphuric acid— 
rapidly combining with water and evolving heat in the process— 
not only concentrates the dilute nitric acid but warms it as well. 
Stand the tube for observation. The brown layer gradually rises 
in the liquid and eventually entirely disappears. 

To support the given explanation let the class suggest another 
dehydrating agent—viz. calcium chloride (or zinc chloride could be 
used). 

Expt. 205.—The Brown Ring formed using Calcium Chloride. F. 

A layer of a concentrated solution of calcium chloride is formed 
under an aqueous solution of ferrous chloride and nitric acid. The 
dark brown nitroso ferrous chloride appears above the calcium 
chloride zone. 

Prepare a fairly strong solution of ferrous chloride by warming 
4 N-HCl with an excess of iron nails until action ceases. Place the 
cooled ferrous chloride solution in a tube or cylinder and mix it 
with about one-tenth its volume of dilute nitric acid. Add solid 
anhydrous calcium chloride until the layer of solid reaches half-way 
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up the Uquid. The calcium chloride soon dissolves—^becoming 
warm in the process—and forms a heavy liquid layer. In a minute 
the calcium chloride zone is yellow with nitroso ferrous chloride, it 
soon turns brown, and when 15-20 minutes have passed a magnificent 
brown band caps the layer of calcium chloride. 

Expt. 206 .—Phosphorus and Nitric Oxide: relation to Combustion 

Dry a piece of phosphorus, say |-inch cube, and place it in a 
deflagrating spoon. Ignite the phosphorus by touching it with a 
warm rod or wire, and while it is yet feebly burning plunge it into 
a jar of nitric oxide. The burning is extinguished. Remove the 
spoon from the jar; the phosphorus usually spontaneously ignites 
on meeting the air; allow it to bum until the combustion is fierce, 
then plunge it into a fresh jar of nitric oxide. Vigorous combustion 
ensues. Shake the contents of the jar with water and add a solution 
of blue litmus. The litmus turns red, showing the presence of an acid. 

Plunge brightly glowing charcoal and brightly burning sulphur 
in jars of nitric oxide. The combustion ceases forthwith. 

Note.—The thermal decomposition of nitric oxide although 
beginning at 500° is still only slight at 900°, consequently a burning 
candle, fiercely burning sulphur, and feebly burning phosphorus 
are extinguished by the gas. But phosphorus burning furiously 
attains a temperature at which the thermal decomposition of the 
nitric oxide is rapid; consequently the phosphorus burns in the 
liberated oxygen. The molecule of nitric oxide is manifestly a hard 
nut to crack. 

Expt. 207 ,—^Nitric Oxide and Carbon Disulphide. W. Odling, 1869 

The flame of burning carbon disulphide is sufficiently hot to 
decompose nitric oxide. 

Clean a gas jar thoroughly (for the cleansing method, see p. 306) 
so that when wetted and drained no drops of water wiU cling to the 
sides. Fin the jar with nitric oxide by displacement of water and 
keep the jar over the delivery tube for a minute or two so that 
water may drain out. In covering the jar be careful not to enclose 
any water—a little air is not detrimental. Have 1-2 c.c. of carbon 
disulphide ready in a corked test-tube. Partially uncover the jar 
and rapidly pour in the carbon disulphide. Run the liquid round 
the sides of the jar and allow the jat to stand covered for at least 
I minute. Darken the room if possible and apply a lighted taper 
to the jar. Reaction takes place with a vivid blue flash. 
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Note on the Composition of the Colourless Cas (Nitric Oxide).— 

The gas may be reduced by passage over a hot metal (iron, nickel, 
or copper), the metallic oxide recognised and the nitrogen identi¬ 
fied. Unfortunately the most reactive of these metals, iron, forms 
black ferrous oxide, therefore the specific action taking place is not 
obvious to the class, see also the note on p. 386. It is therefore 
necessary to use copper, which is slower in action and requires 
a higher temperature. Where the study is taking the form of a 
special investigation, it is better to find the composition of the 
gas (Chapter V, p. 378) before studying its properties. 

Expt. 208.—Nitrogen obtained from the Colourless Gas (Nitric 
Oxide) 

The colourless gas is passed over heated copper: the products are 
copper oxide and nitrogen. 

Have ready an aspirator full of nitric oxide. The pure gas is 
most easily made by Thiele's method (Expt. 383). There is no 
need at this stage to complicate the lesson by informing the class 
of the method of preparation. Just draw off a specimen of the gas 
and show that it is nitric oxide. Set up a 9-inch hard-glass combus¬ 
tion tube between the aspirator and a pneumatic trough. Insert 
a wash-bottle of sulphuric acid between the aspirator and the 
combustion tube. Place a 4-inch layer of powdered copper in the 
combustion tube. The copper must be freshly reduced, if possible 
just before the class come in, because the success of the experiment 
depends much on the activity of the copper. Pass a brisk stream 
of nitric oxide through the cold combustion tube until the brown 
gas, which is first formed, is entirely swept out. Now warm up 
the combustion tube, slacken the flow of nitric oxide to about 2 
bubbles a second, and place an inverted jar of water over the delivery 
tube. Make the combustion tube hot (dull red) and, when the 
action is nicely going, set the class to count the bubbles, (see p. 135). 
Carry on with the experiment until only just sufficient time is left 
to identify the products and to deduce the result. Show that the 
colourless gas is nitrogen and call attention to the black residue 
(presumably copper oxide) in the tube. The colourless gas can now 
be given its name—nitric oxide. There is usually not time enough 
in a lesson to show that the black product is copper oxide. That 
oxygen is a constituent may therefore be considered as not yet fully 
proved. 
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Theimal Decomposition of Nitrates.—With a junior class the 
elementary study of the remainder of the simpler nitrogen com¬ 
pounds may with advantage take the form of an investigation of 
the thermal decomposition of nitrates. Three typical nitrates— 
viz. the lead or calcium salt, sodium or potassium nitrate and 
ammonium nitrate—are studied in detail. In addition, nitric acid 
itself should be decomposed by heat if this experiment has not 
already been done. 

Of the nitrates of the heavy metals the lead salt is frequently 
chosen for treatment and there is much to justify this choice ; lead 
nitrate is anhydrous and begins to decompose at 226° C., conse¬ 
quently the technique involved is of the simplest. But owing to 
the formation of basic salts—whose decomposition requires a higher 
temperature—and to the action of massicot on glass, it is difficult 
to complete the action, to identify with certainty the discoloured 
yellow product, and thus to demonstrate the disruption of the salt 
into a basic and an acidic oxide. Therefore some teachers prefer 
the more instructive decomposition of calcium nitrate. The 
hydrated salt, Ca(N03)2*4H20, easily loses its water at 132° C. The 
anhydrous salt melts at 561° C., but begins to decompose just below 
this temperature. Consequently it is possible (and in a soft-glass 
tube) to complete the decomposition, and to isolate and identify 
the lime and an acidic component. If the hydrated salt is used, 
then lime and nitric acid are among the products obtained. The 
thermal decomposition is then seen to be the reverse of the action 
of neutralisation. This type of result, one of a large class, is most 
useful when framing generalisations, introducing conceptions of dis¬ 
sociation and reversibility, and treating of the influence of conditions 
on the course of chemical actions. 

The use of the familiar copper nitrate for the preparation of liquid 
nitrogen peroxide should be avoided. The anhydrous salt is 
a chemical curiosity, and in the decomposition of the hydrated salt 
much of the brown gas comes off before the water; consequently, 
nitric acid distils over and spoils the liquefied nitrogen peroxide. 
But when a main study has been made of the decomposition of 
the lead or calcium salt, small amounts of a few other nitrates, 
say those of copper, zinc, cobalt, and barium, should be decomposed 
in test-tubes and a generalisation formulated. 

For the decomposition of an alkaline nitrate, either nitre or 
sodium nitrate will serve equally well. 
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Expt. 209 .— Thermal Decomposition of Lead Nitrate. M. Faraday, 
1827 

Lead nitrate is subjected to dry distillation. Two gases are 
evolved : a brown gas easily condensed to a yellow-brown liquid, 
and a colourless gas easily recognised. Lead oxide is left. 

Fit up an apparatus such as that of fig. 55. The tube A may be 
of hard glass, but it is less expensive, especially in a class experiment, 
to use a good-quality test-tube and to heat until the tube gives way. 



Fig, 55. —Thermal Decomposition of Lead Nitrate. 


The connecting tube B should consist of one length of glass. A 
U-tube may be used as receiver, or a small Wurtz flask as shown in 
the figure. Immerse the receiver in a big funnel and fill the funnel 
with crushed ice. Grind to a fine powder a quantity of lead nitrate 
and heat it in an evaporating basin to 150-200° C. for some time to 
ensure its being perfectly dry. If this precaution is omitted any 
hygroscopic water on the lead nitrate will react with the nitrogen 
peroxide to form blue nitrous acid, which, mingling with the yellow 
liquefied gas, will make it appear green. Place about 7-10 gm. of 
the dried nitrate in the tube A. Warm the tube gently, using an 
almost luminous flame, and heat first the portion of the salt nearest 
the cork. Reject as air the first tube of gas which is collected. 
Continue with the heating until r-2 c.c. of the liquefied gas have 
been collected, but stop the distillation in time to examine the pro¬ 
ducts and finish the lesson. Show that the colourless gas is oxygen. 
Remove the receiver from the apparatus and exhibit the brown 
liquid. Pour half of it into a dry flask. Warm the flask very 
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gently. The liquid evaporates ; as soon as the vapour fills the flask 
stopper it or remove it to the fume cupboard. 

Pour the remaining half of the condensed gas into a small flask 
of water. The gas seems to boil and some brown fumes escape. 
Dip a strip of blue litmus-paper into the solution. The paper is 
turned red, the brown gas is therefore most probably a non-metallic 
oxide. With a class sufficiently advanced the liquid may be shown 
to contain nitrous and nitric acids. Call attention to the yellow 
product—which must be a lead compound—in the tube: presumably 
it is massicot. 

Note.—If Expts. 202 and 208 have been done, it will be known 
that the brown gas is an oxide of nitrogen. 

Ezpt. 210 .—Thermal Decomposition of Calcium Nitrate 

This experiment is alternative to Expt. 20Q. Heat gently some 
hydrated calcium nitrate in a basin, for a few minutes, until all the 
hydrated water is driven off. Now heat more strongly until the 
anhydrous salt melts and begins to decompose. Allow the melt 
to solidify, break it into small pieces and store in a well-stoppered 
tube. Fit up the apparatus described in Expt. 209, using as before 
a good-quality test-tube (the so-called bacteriological quality is 
highly suitable). Place 3--5 gm. of the anhydrous salt in the tube. 
The complete decomposition of this quantity requires 15-20 minutes. 
3 gm. Ca(N03)2 yield i gm. CaO, i*68 gm. NOg and just over 200 c.c. 
of oxygen. It is therefore advisable to collect the ox3^'^en in large 
test-tubes, say 7 x | in,, and not in gas jars. Heat the tube until 
the salt melts and decomposes, then regulate the flame to sustain 
a brisk evolution of gas. Towards the end of the action make the 
tube red-hot. A good-quality test-tube will withstand this treat¬ 
ment for 20 minutes, but is ruined in the process. When the action 
has ceased—known by the substance in the tube being no longer 
liquid—detach the tube and blow out any remaining brown gas with 
a hand-bellows. Remove a lump of the white residue—^it is usually 
necessary to break the tube—fix it on a platinum wire and heat it 
in the hottest part of the Bunsen flame. The substance does not 
melt, as did the anhydrous calcium nitrate, but glows brightly. 
Shake another portion of the residue with water and then dip a 
strip of red litmus-paper into the hquid. The paper turns blue. 
The white product is the basic oxide lime. Test the brown gas and 
the oxygen as in the last experiment. The result shows cogently 
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that the salt has been broken up into a volatile acidic component 
and a non-volatile alkaline component. Point out the signihcance 
of lime being the ‘ base of a salt.* 

Expt. 211.—Preparation of Nitrogen Peroxide from Ck>pper and 
Nitric Acid 

The brown gas is afforded in abundance by the interaction of 
copper and concentrated nitric acid. 

A simple apparatus such as that used for the preparation of 
carbon dioxide by displacement of air (fig. 34) may be used, or it 
may be extended by adding the gas-collecting apparatus depicted 
in fig. 47. Place 20 gm. of copper chips in the flcLsk and add nitric 
acid {d 1*42) 1-2 c.c. at a time as required. The gas is rapidly 
evolved and the colour easily informs one when a jar is full. Collect 
3 jarfuls. Ignite carbon, sulphur, and phosphorus severally in 
deflagrating spoons and plunge them into jars of the gas. These 
elements burn easily for nitrogen peroxide begins, above 140® C., 
to dissociate into oxygen and nitric oxide. 

Pass some of the brown gas into a small flask of water for a minute 
or two. Show that the liquid is strongly acidic. Pour a solution 
of ferrous sulphate into a portion of the liquid. The dark unstable 
compound (Expt. 204) forms immediately throughout the liquid. 

For other reactions of nitrogen peroxide see Expts. 270, 272. 

Expt. 212.—Thermal Decomposition of Potassium Nitrate (K. 

SCHEELE, 1777) 

Either sodium or potassium nitrate may be used: each decom¬ 
poses between 350-400° C, 

KNO 3 m.p. =339'' C. NaNOg m.p. =316° C. 

It is advisable to begin two experiments: in one heat nitre in a 
hard-glass tube so that the oxygen may be collected, in the other 
heat nitre more strongly, in a crucible, to obtain a quantity of the 
solid residue. 

Place a few grams of nitre in a hard-glass tube, add a delivery 
tube, and arrange the apparatus for heating. Warm the tube gently 
for a minute or so, then heat more strongly, until the salt first melts 
and then begins to decompose. Collect the gas over water and show 
that it is oxygen. Cease the experiment as soon as the gas has been 
identified, remove the pneumatic trough and slowly cool the tube. 

Meanwhile, half-fill a small crucible with nitre, support the 
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crucible on a pipe-clay triangle, and heat gently until the nitre 
melts. Now heat with the full roaring flame of the Bunsen so that 
a brisk evolution of oxygen is obvious (to the teacher). Sustain 
the heating for 20-30 minutes if possible—otherwise the production 
of nitrous acid in the next experiment will not be manifest. While 
the crucible is still hot, and the mass molten, grasp the edge of the 
crucible with tongs and, from a low height, pour the molten mass 
into a clean sand tray or a tin lid. The solidified melt contracts 
and is easily removed. Break it in pieces and store it in a well- 
corked tube if there is not time for its examination. (This experi¬ 
ment should be done in the lecture-room only when it cannot be 
done by the class in the laboratory.) 

Place some of the product in a test-tube and add dilute hydro¬ 
chloric acid. Brown fumes are evolved and a blue liquid remains. 
The substance is obviously different from a nitrate and, since time 
does not permit of the analysis of every new substance encountered, 
its name and composition should be given. 

Note. —The properties of nitrous acid are now given for con¬ 
venience, but it is preferable to defer them until a second study of 
oxidation and reduction is being made, and the class has met some 
of the more prominent oxidising and reducing agents. For the 
following experiments use a dilute solution of sodium nitrite. It is 
always a good plan to use a solution of definite strength and to work 
roughly quantitatively. A i*oM solution is suitable— i.e. 6*9 gm. 
NaNOg in 100 c.c.—and this is the solution referred to in the follow¬ 
ing experiments. It should be remembered that nitrous acid is 
exceedingly unstable and that the most concentrated solution 
obtainable is one about 0'2N. If therefore i c.c. of 2 A"-HC 1 is 
added to 10 c.c. of the aforementioned sodium nitrite solution an 
acidity of approximately 0'2iV will be obtained, the further addition 
of acid merely destroys the nitrite, unless, of course, the acidic 
hydrogen is auto-neutralised in the action concerned. 

Expt. 213 .— Oxidation of Hydriodic Acid by Nitrous Acid. F. 

Prepare a dilute solution of hydrogen iodide by acidifying 20 c.c. 
of i*oM-KI with 2 c.c. of concentrated hydrochloric acid. Place 
20 c.c. of dilute nitrous acid (prepared as above) in a small flask 
and pour in the hydriodic acid. The liquid turns black with 
precipitated iodine. 

2HNO2 + 2HI = 2NO +12 + 2H2O 
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Warm the liquid until the violet vapour fills the flask and thus 
discloses the presence of the iodine. Compare the behaviour of 
dilute nitric acid 2-^N, a concentration which has no action on 
hydrogen iodide. 

Nitrous acid exhibits a dual chemical behaviour: towards power¬ 
ful oxidising agents it behaves as a reducing agent; presented to 
powerful reducing agents it functions as an oxidising agent. 

Expt. 214.—Oxidation of Hydrogen Sulphide by Nitrous Acid 

Acidify a dilute solution of sodium nitrite with dilute hydro¬ 
chloric acid, pass in hydrogen sulphide gas or add an equal volume 
of hydrogen sulphide water. A yellow precipitate of sulphur 
appears immediately. 

2HNO2 +H2S = 2 N 0 +S + 2H2O 

Compare the behaviour of dilute nitric acid and point out that 
nitrous acid is the more powerful oxidising agent. 

Expt. 215.—Oxidation of a Ferrous Salt by Nitrous Acid 

Prepare a quantity of ferrous sulphate solution, say o*2 A^-FeSO^ 
in 2 A^-H2S04—that is, 5*6 gm. of FeS04’ yHgO solution. 

Pour 50 c.c. of the ferrous solution into a small flask and add 
1-2 c.c. of the dilute sodium nitrite solution. The dark unstable 
FeS04N0 forms throughout the liquid. (Compare the behaviour 
of nitric acid.) 

2FeS04 + H2SO4 + 2HNO2 = Fe2(S04) 3 + 2NO + 2H2O 
N 0 +FeS 04 = FeS 04 N 0 

Warm the liquid until the nitroso ferrous sulphate has decom¬ 
posed. Add the nitrite solution to the warm liquid until the dark 
compound no longer forms—showing that no ferrous sulphate is 
left. Now add caustic soda solution to a portion of the liquid ; 
rusty-red ferric hydroxide is precipitated. For comparison add 
caustic soda solution to a portion of the original ferrous solution. 

Expt. 216. —Interaction of Copper and Nitrous Acid. V. H. Veley, 
1890 

Place 20 c.c. of dilute sodium nitrite in a flask or lecture glass and 
acidify it with 2 c.c. of dilute sulphuric acid. Add a strip of copper 
foil. Vigorous action takes place. Try the effect of copper on 
dilute sulphuric acid (no action) and on dilute nitric acid 2N (no 
action in the lesson period), (action begins in about 20 minutes). 
Once again the more powerful oxidising action of nitrous acid is 
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apparent. The reaction here shown is the foundation of Veley's 
explanation of the action of copper on nitric acid (see any large 
text-book of chemistry). 

Ezpt* 217 .—Bromine Water oxidises Nitrous Acid 

Place 50 c.c. of the sodium nitrite solution in a flask and acidify 
with 5 c.c. of dilute sulphuric acid. Add a few c.c. of bromine 
water ; the colour of the bromine immediately disappears. Add 
more bromine water cautiously (it is a good plan towards the end 
to use diluted bromine water) until a yellow colour persists. Boil 
off the excess bromine. To one portion of the cooled liquid add 
silver nitrate solution: yellow silver bromide is precipitated. To 
a second portion apply the brown ring test: the solution contains 
nitric acid and no nitrous acid. 

HNO2 + Br2, H2O =HN03 +2HBr 

This reaction is of considerable significance in that it reveals the 
inability of nitrous acid to oxidise hydrogen bromide (likewise 
hydrogen chloride), and is the basis of a method of identifying and 
estimating the halogens in a mixture. 

Expt. 218 .—Potassium Permanganate oxidises Nitrous Acid 

N. B ,—20 c.c. of the dilute solution of sodium nitrite will require 
nearly 300 c.c. of ordinary 0‘iA^-KMn04. For this experiment 
therefore it is advisable to use a much stronger solution, say i^oN, 
To prepare this dissolve 3-4 gm. of KMnO^ in 100 c.c. of 
2~4iV-H2S04. 

Place 20 c.c. of sodium nitrite solution in a small flask and warm 
the liquid to about 50° C. Add a few c.c. of the solution of potassium 
permanganate as recommended above: the pink colour is discharged. 
Continue adding the permanganate until the liquid is just pink. 
Test the cooled liquid for nitrate. 

2KMn04 + 3H2SO4 + 5HNO2 = 5HNO3 + K2SO4 + 2MnS04 + 3H2O 

A similar experiment may be carried out using potassium di¬ 
chromate in place of the permanganate. 

For the preparation of pure nitrogen by the interaction of 
solutions of ammonium chloride and sodium nitrite see p. 317. 

Ammonium Nitrate and Nitrous Oxide.—^Note.—It is well known 
that the products of the thermal decomposition of ammonium 
nitrate depend on the temperature employed. A low-temperature 
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decomposition begins at 170° C. and proceeds according to 
equation (i)— 

(1) NH4N03=N20+2H20 

But at a somewhat higher temperature the salt breaks up with 
explosive violence (the explosion usually does no more than expel 
the cork from the flask). The higher-temperature decomposition, 
which is variously given by the authorities as occurring 200-260° C., 
and which seems influenced by the presence of impurities and other 
factors, may be expressed by the conventional equation (2)— 

(2) 2NH4NO3 - 2NO + Ng + 4H2O 

—but (2) does not indicate fully the composition of the final products, 
which vary with the conditions. The heating of the preparation 
flask therefore requires constant watching on the teacher's part or 
the temperature of the decomposing mass may rise too high. 

When, however, a molecular mixture of sodium nitrate and 
ammonium sulphate is heated, the crystals melt at 240° C., and 
ammonium nitrate, an equilibrium product of the reversible action, 
2NaN03 + (NH4)2S04^2NH4N03 + NagSO^, 
is decomposed as fast as it is formed—the principle of Smith's 
method of preparing nitrous oxide (Expt. 428). Consequently a 
steady stream of nitrous oxide is evolved and no explosive decom¬ 
position is possible. Accordingly, only when the aim of the teach¬ 
ing is to demonstrate the thermal decomposition of ammonium 
nitrate need this salt be heated alone. When nitrous oxide is 
required, prepare it by the method of Smith. Nitrous oxide may 
also be obtained from a commercial cylinder of the compressed gas. 
The small cylinders used by dentists and surgeons are convenient. 

Expt. 219.—Low-Temperature Decomposition of Ammonium 
Nitrate (C. L. Berthollet, 1785) 

Preparation of Nitrous Oxide. —Fit up an apparatus such as 
depicted in fig. 56. The flask A should be of capacity 50-100 c.c. 
Arrange to collect the gas over hot water {50-60° C.). Half-fill a 
gas jar with cold water, then add the boiling water until the jar is 
full. Heat the ammonium nitrate with a moving almost luminous 
flame until 9 steady evolution of gas ensues. If the flame is so 
regulated that the froth produced by the escaping oxide is not more 
than a J of an inch high the decomposition will proceed smoothly 
and safely. Collect 5 or 6 jars and two tubes of the gas. 

Show that the liquid in the receiver is water. 
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Erpt. 220.—Ammonium Nitrate—High-Temperature Decomposition. 
F. 

Place about i gm. of ammonium nitrate in a dry test-tube and 
heat it in the hottest part of a Bunsen flame, pointing the mouth of 
the tube away from the class. A violent effervescence occurs, and 
torrents of white fumes stream from the mouth of the tube. Soon 
a small explosion occurs, filling the tube with brown fumes. Some 
of the escaping gas (hydrogen) often ignites at this stage and burns 
at the mouth of the tube. When the explosion occurs, and the 
brown gas appears, cease heating the tube and place behind it a 
sheet of white paper. The brown colour increases in intensity, 
showing that the liberated gas was probably nitric oxide. To a. 
senior class, reaction 2 (p. 173) will be easy of comprehension. 
The action of heat produces (a) thermal decomposition and, 
simultaneously, {h) thermal dissociation. 

NH^-NOg — NH3 + HNO3 

Both products of dissociation undergo thermal decomposition 
above a certain temperature, providing new products which inter¬ 
act. Consequently, the decomposition at higher temperature cannot 
be expressed by one equation. 

Expt. 221.—Combustion in Nitrous Oxide 

Note.—The thermal decomposition of nitrous oxide begins at 500 °, 
consequently a combustible substance raised to this temperature 
will decompose the gas and burn in the liberated oxygen. 
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Plunge a brightly glowing wood splint into a jar of the gas—the 
splint bursts into flame. The experiment occasionally fails: the 
splint must be well glowing— i.e. above 500° C. 

Heat carbon, sulphur (to boiling), and phosphorus, severally in 
deflagrating spoons and plunge them into jars of nitrous oxide. 

Place a piece of sulphur in a cold spoon, ignite a corner of the 
sulphur so that the element burns but dimly, and plunge the spoon 
into a jar of nitrous oxide. The sulphur is extinguished. 

Hold a bundle of thin iron wires with tongs, make the free ends 
of the wires red-hot and plunge into a jar of nitrous oxide. The 
wire burns as it did in oxygen. 

Expt. 222.—Solubility of Nitrous Oxide 

Early in the lesson collect a tube (say 12 x | in., closed at one 
end) and clamp it over a vessel of cold water. The water will 
slowly but appreciably rise during the course of the lesson. 

Collect a second tube and clamp it in the same way over a small 
vessel (a mortar is convenient) of alcohol. The alcohol more 
quickly rises. 

Expt. 223,—Nitrous Oxide distinguished from Oxygen 

Invert a gas jar of water over a trough and pass nitric oxide in 
until the jar is half-full. Now bubble in nitrous oxide (free from 
air) ; no brown gas appears. 

The Fixation of Nitrogen 

The role of nitrogen in nature and the problem of the fixation 
of nitrogen are topics which must appear in any course of live 
science. For a supply of fixed nitrogen is indispensable to the 
existence of our present civilisation, and the industrial synthesis 
of nitrates is one of the greatest triumphs of modern chemistry. 
Adolescents are vaguely aware of the importance of such matters 
and warmly respond to an exposition of the subject. Some attempt 
should therefore be made to illustrate one or more of the recognised 
syntheses. The synthesis of ammonia has already been discussed. 
Of the methods of synthesising nitric acid, the catalytic oxidation 
of ammonia and the process involving the arcing or the sparking 
of air lend themselves to lecture presentation. 

The Catalytic Oxidation of Ammonia. —It is quite easy to obtain 
white fumes of ammonium nitrite or a solution of this salt by any 
of the recommended methods of demonstrating the catalytic oxida- 
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tion of ammonia. However, especially with a junior class, it is far 
better to aim at producing the brown oxides of nitrogen. The effect 
is more spectacular and the phenomenon is more convincing, while 
no complication is introduced such as the necessity of testing for a 
nitrite, a procedure with which the class are probably unacquainted. 
As in many other experiments of reputed difficulty it is necessary 
to know the chemistry of the reaction involved and the conditions 
favourable to the formation of the desired products. The oxidation 
of ammonia may proceed by at least two paths: 

1. 4NH3 4-302 = 2N2 -fbHgO 

2. 4NH3+502=4N0+6H20 

Reaction i is promoted by high temperature, a deficiency of 
oxygen, and the use of finely divided platinum as a catalyst. 
Reaction 2 is favoured by moderate temperature, an excess of air or 
oxygen, and the use of compact platinum—viz. wire or foil—as a 
catalyst. For lecture presentation there is yet another point to be 
considered. When the aim is to show the formation of the brown 
gas, almost the whole of the ammonia in the area of reaction must 
be oxidised, otherwise the excess of ammonia forms ammonium 
nitrite and white fumes only are seen. Ammonia may be easily 
oxidised to nitric oxide (and this to nitrogen peroxide) as a lecture 
experiment by: 

(1) Hofmann's method—passing a mixture of air and ammonia 

over heated platinum black. 

(2) Passing ammonia alone, or a mixture of ammonia and air, 

over red-hot manganese dioxide—the historic method of 
Milner, 1788. 

(3) Kraut's method—familiar by its appearance in most text¬ 

books—a coil of platinum wire is suspended in an atmo¬ 
sphere of ammonia and oxygen. 

Expt. 224 .— The Catalytic Oxidation of Ammonia. A. W. Hof¬ 
mann, 1869 

The reaction was discovered by F. Kuhlmann in 1839. The 
effective illustration of the reaction detailed below was introduced 
by Hofmann in 1869. Since then it has several times reappeared 
under other names. 

Fit up the apparatus as shown in fig. 57. Use a combustion tube 
10-12 inches long of moderately hard glass and pack 1-2 inches of 
the middle section with platinised asbestos. In the space at either 
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end of the tube place a 2-inch length of blue litmus-paper. The 
flask A contains dilute ammonia 5-6 AT. Notice that the air-inlet 
tube must not dip into the ammonia solution or too much ammonia 
will be carried over. The receiver E may be a flask or aspirator- 
bottle, but it should be large and should stand against a white 





Fig. 57.—Catalytic Oxidation of Ammonia. (Hofmann.) 


background so that the brown fumes are visible to all. Warm the 
combustion tube and make the platinum red-hot; then turn on 
the suction pump. In a few seconds after turning on the pump 
brown fumes appear in the receiver, the litmus at D turns red, 
and no white fumes whatever appear. If time allows push the 
end of the air-inlet tube into the ammonia solution. The brown 
gas disappears from the receiver and is replaced by copious white 
fumes of ammonium nitrite. 

Expt. 225.—Oxidation of Ammonia with Manganese Dioxide. M. 

Faraday, 1827 (I. Milner, 1788) 

Ammonia is passed over heated manganese dioxide and nitrogen 
peroxide obtained. The reaction is possibly : 

4NH3 + 2iMn02 = 7Mn304 + 4NO2 + bHgO 
If time allows the thermal decomposition of manganese dioxide 
should be carried out as a preliminary experiment. 

The ammonia and manganese dioxide should be dry, otherwise 
the water evolved dissolves and hides the brown gas. Dry the 
manganese dioxide by heating it for some time in a basin to almost 
dull redness—oxygen is not evolved until the temperature reaches 
530° C. Fit up an apparatus, such as that depicted in fig. 45, p. 132, 
for the preparation of a stream of dry ammonia. Add a wash- 

12 
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bottle containing medicinal paraffin to mark the rate of flow of 
the gas. Fill about 6 inches of a 9-inch combustion tube with the 
dried manganese dioxide held in position between plugs of asbestos 
wool. Attach one end of the combustion tube to the ammonia 
apparatus; to the other end fix a right-angled delivery tube leading 
into a dry gas jar. Place about 10 c.c. of concentrated ammonia 
in the preparation flask and heat it occasionally with a tiny flame 
so that not more than 2 or 3 bubbles per second pass through the 
indicator bottle. Heat the manganese dioxide strongly, to bright 
redness, using two good Bunsen flames. Brown fumes appear and 
in a few minutes fill the jar. If the ammonia is allowed to come over 
too fast only white fumes of ammonium nitrite will be obtained. 
Be content with one jar, for the manganese dioxide is soon exhausted. 
If the above equation correctly expresses the action then 10 gm. 
MnOg yield about 470 c.c. of nitrogen peroxide. 

Milner’s experiment may also be carried out by passing a mixture 
of air and ammonia over the manganese dioxide. To do this use 
the apparatus, and follow the procedure exactly, of Expt. 224. First 
replace the platinum asbestos by a 5~6-inch layer of manganese 
dioxide, which make red-hot, using two good Bunsen flames, before 
drawing over the air-ammonia mixture. 

It is believed that it was by the industrial exploitation of this 
reaction that Napoleon obtained much of his vast supply of nitre. 

Expt. 226 .— The Catal 3 d:ic Oxidation of Ammonia. S. Genelin, 1918 

Fill a dry short-necked 500-c.c. flask with oxygen by displacement 
of air. With a pipette drop in the flask 2-5 drops of o-88 ammonia. 
Cork the flask and allow it to stand for one minute. Bind with wire 
a piece of platinum foil to a glass rod. Clamp the flask in a hori¬ 
zontal position in front of a white screen. Remove the cork and 
place a Bunsen flame close to the mouth of the flask. Make the 
foil red-hot, plunge it into the flask and at the same time turn off 
the flame. Yellow or brown fumes immediately appear in the 
flask. The brown fumes soon disappear and are replaced by white 
fumes of ammonium nitrite. Agitate the fumes with a small quan¬ 
tity of water and test the liquid for nitrite as in Expts. 213, 215. 
Air may be used instead of oxygen. 

Expt. 227 .— The Catalytic Oxidation of Ammonia. K. Kraut, 1865 

A hot platinum spiral is suspended in a mixture of ammonia and 
oxygen. 
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Fix up an apparatus such as that in fig. 58. The flask, capacity 
500-700 C.C., should have a short neck. Make a platinum spiral 
by winding platinum wire 15-20 times round a lead pencil; use as 
long a spiral as possible. Fasten one end round a piece of wood 
or a glass rod which spans the mouth of the 
flask. The wire should almost touch the 
surface of the ammonia. Since it is necessary 
to have the stream of oxygen under easy 
control it is with advantage drawn from a 
cylinder of the gas. Pour into the flask 
strong ammonia solution (0*88) to the depth 
of half an inch. 

1. Pass in a brisk stream of oxygen—viz. 
one in which the bubbles are just uncount¬ 
able. Remove the spiral, make it red-hot 

‘ in a Bunsen flame, and lower it into position. 

Alternatively, the cold spiral may be sus¬ 
pended in the gaseous mixture. It glows 
brighter and brighter and soon the mixture 
ignites, with a small harmless explosion 
accompanied by a yellow flame, while the 
glow of the platinum momentarily dies away. The glow soon 
reappears, increases, and again dies as the explosion-point is reached 
and passed. Meanwhile white fumes of ammonium nitrite appear 
in the flask and stream from its mouth; some pass into solution. 
Pour off a portion of the liquid, acidify it and add starch-iodide 
solution. Treat a second portion with acidified ferrous sulphate 
solution. 

2. Place the end of the oxygen tube only just above the liquid 
and quite close to the spiral. Now rush the oxygen. When the 
explosion occurs the oxygen ignites and burns with a greenish- 
yellow flame, which remains alight even when the tube is depressed 
into the liquid. It may be necessary to renew the ammonia 
solution or to increase the evolution of gas by gently warming the 
flask. 

3. Pass a slower stream of oxygen, 2 or 3 bubbles a second, just 
sufficient to keep the platinum at a dull red heat. In a minute or 
so brown flames fill the flask. If no brown gas is obtained, but only 
white fumes of ammonium nitrite, there is undoubtedly a local 
excess of ammonia. Empty the flask and replace it with a more 


Glass rod 



Fig. 58.—Catalytic Oxi¬ 
dation of Ammonia. 
(Kraut.) 
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dilute solution, say i volume of strong ammonia to i volume of 
water. Now repeat the experiment. If white fumes still appear 
try an even more dilute solution. It is quite easy to attain success, 
but it is necessary to find the conditions. 

Expt. 228.—The Catalytic Oxidation of Ammonia 

A modification of Kraut's procedure. 

A current of air is used in place of oxygen. The modified experi¬ 
ment is not so spectacular, but on the other hand no explosions 
occur, so that a closed flask may be used. 

Attach a filter flask to a suction pump. Fit the flask with a 
two-holed rubber stopper. Pass a small length of glass tubing 
through one hole so that air may be drawn through the flask. 
Pass a thin glass rod through the second hole. Wind 12-20 inches 
of platinum wire into a coil and fasten it to the rod. Pour a few 
c.c. of 0*88 ammonia into the flask. Remove the stopper, heat the 
coil to redness in a Bunsen flame, turn on the pump, and quickly 
replace the stopper. The coil will continue to glow for perhaps 
the whole lesson period, affording an excellent illustration of cata¬ 
lysis. At a convenient time stop the action, acidify a portion of 
the liquid in the flask, and add to it a solution of ferrous sulphate 
or one of potassium iodide. Alternatively one of these solutions 
in a wash-bottle may be inserted between the reaction flask and 
the pump. 

Nitrogen Peroxide produced from Air.—Historical Note. —In 1781 
Cavendish noticed that nitric acid was formed when hydrogen was 
sparked with excess of oxygen contaminated with nitrogen. Later 
(in 1784) he obtained nitrogen peroxide by sparking air alone. His 
well-known apparatus, the A-tube over mercury, figures in many 
text-books. H. Kolbe in 1861 and A. W. Hofmann in 1870 found 
that considerable quantities of nitric acid were formed when a jet 
of hydrogen was lowered into a flask of oxygen open to the air. 
Later on, W. Hempel, Bunsen, and other chemists found that carbon, 
magnesium, and most substances which burn vigorously in the air, 
cause the formation of nitric acid. The burning of nitrogen in the 
air exposed to an induction coil in action was first noticed by 
Spottiswoode in 1880. Sir W. Crookes must be regarded as the 
pioneer of the lecture experiment, for in 1892 he demonstrated the 
sparking of air by means of an induction coil and furnished an 
explanation of the appearance of the flames. 
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Expt. 229.—Nitrogen Peroxide by sparking Air. W. Crookes, 1892 

A confined volume of air is sparked by means of an induction 
coil. After a few minutes the air turns brown owing to the 
formation of nitrogen peroxide. 

(Nitrogen peroxide is unstable above 600° C., it is therefore 
nitric oxide which is actually formed by the heat of the spark and 
this gas on cooling combines with 
oxygen.) 

A flask or bottle with three aper¬ 
tures, an induction coil, and a 
current of electricity are required. 

Some of the apparatus may be im¬ 
provised, but the experiment will be 
first described in its classical form 
and then the simple modifications 
considered. Assemble the apparatus 
as shown in fig. 59. Connect the 
secondaries of the coil to the 
terminals A and B. A large coil 
may be worked off the A.C. lighting 
circuit. When this is used follow 
the directions and take the precautions given on p. 85. Alterna¬ 
tively a coil may be worked by 4-6 accumulators or 6 new dry 
cells in series. 

If the lesson period is short it is advisable to enrich the air by 
the addition of oxygen, and to work with the gases under pressure. 
Pass oxygen from a cylinder into the flask of air until the gauge C 
shows a pressure of 6-10 inches of mercury. Now switch on the 
current. Moving, sinuous lines of flame (nitrogen burning in oxygen) 
cross the gap. After a few minutes (one minute with a powerful 
coil) the brown gas can easily be seen in the flask. 

Several simple contrivances, easily made at home, will effectively 
replace the apparatus shown in the sketch. 

M. M. Kiley (/.C.2:., 1930, 7, 2167) uses in place of the special 
flask an inverted Woulfe's bottle with three apertures. 

H. L. Olsson (J.C.E., 1932. 9, 1829) makes the sparking vessel 
out of a 500-c.c. Florence flask of pyrex glass, and uses an old Ford 
coil in place of the usual induction coil. 

D. M. Simer and Mary C. Brock (/.C.£., 1930, 7, 2169) replace 
the flask by a wide-mouthed bottle. The cork is pierced for the 
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passage of the wire leads. Simer and Brock likewise use a Ford 
coil and sparking plug; numbers of the latter are on the second¬ 
hand market at a low price, having been superseded in the Ford 
car by a new model. 

P. Arthur and C. V. King (/.C.F., 1933, 10, 748) replace the 
flask by a glass tube 8 inches by 2 inches—a lamp chimney would 
serve. The ends of the tube are closed with corks pierced with 
holes for the electric leads and for tubes to conduct the air in and 
the brown gas out into a large flask. 


In the following modification of Expt. 163—for which I am 
indebted to A. H. Heap—the volume of nitrogen in ammonia may 
be estimated with astonishing accuracy by the method of counting 
bubbles. This modification in conjunction with Expt. 387, and 
the bubble-counting part of Expt. 162, constitutes a simple but 
complete investigation of the gas volume composition of ammonia. 

Expt. 163a.—The Volume of Nitrogen in Ammonia 

A section of the combustion tube of Expt. 163 is entirely filled 
with asbestos wool coated with copper oxide. Ammonia passing 
slowly through the asbestos suffers complete decomposition. The 
bubbles of nitrogen and of ammonia are counted as they pass 
through similarly constructed and similarly charged bottles of 
paraffin. 

Fit up an apparatus on the lines of fig. 49, p. 143, but replace 
the first flask by the ammonia preparation and drying apparatus 
of fig. 45, p, 132. Charge the wash-bottle with medicinal paraffin 
and between B and C of fig. 49 insert a similarly charged wash- 
bottle. Pack ice round B (fig. 49) so that no bubbles of steam pass 
through the paraffin and count as nitrogen. 

Immerse a quantity of asbestos wool in a saturated solution of 
copper nitrate, then dry it in a steam oven. Now teaze out the 
asbestos to a woolly mass. 

Pack at least 4 inches of the combustion tube with the charged 
asbestos. Gently heat the tube and draw or push air over until 
only dry copper oxide is left on the .asbestos. In the experiment 
proper heat the combustion tube with a Ramsay burner and pass a 
slow stream of ammonia over. 



CHAPTER III 


SULPHUR AND ITS COMPOUNDS (A SCIENTIFIC 
INVESTIGATION) 

Introductory Note.—This chapter, dealing with sulphur, the sul¬ 
phides, sulphates, and chemistry directly arising from their con¬ 
sideration, continues the study of acids, bases, and salts. The 
method of presentation has been modified, thus permitting those parts 
of the subject susceptible of such treatment to be taken as a scientific 
investigation, pursued jointly by the teacher and the class. 
Accordingly, the teaching devices, the avenues of approach, the 
comparisons, illustrations, questionings, and responses of the class 
have been given in some detail. Indeed I have endeavoured 
herein more nearly to disclose the technique of my own teaching, 
and venture to offer this chapter as an example of how the 
scientific method may be put into practice despite the cramping 
conditions incident to school teaching. Certain other sections can 
be taken on similar lines, but fully to describe these would unduly 
expand the book. 


Sulphur and its Compounds 

Assemble in the lecture-room specimens of crystalline sulphur, 
roll sulphur, flowers of sulphur, iion pyrites, marcasite, and diagrams 
or wooden models of prismatic and monoclinic sulphur. Pictures, 
diagrams, and booklets dealing with the Frasch process may be 
obtained, gratis, on application to: The Texas Gulf Sulphur 
Company, 75 East 45th Street, New York City, New York. 

Expt. 230.—Production of Sulphur from Iron P 3 rrites: Sublimation 
of Sulphur (J. Mayow, 1674). F. 

This experiment serves to show both the method, still used to a 
small extent, of obtaining sulphur by the dry distillation of iron 
pyrites, and of the purification of sulphur, from clay and silica, by 
sublimation. 
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Iron pyrites is decomposed by heating it strongly, sulphur, 
liberated in the gaseous form, is caught and condensed in a receiver. 
Take a piece of asbestos board about 4 inches square and bore 
in it a hole, J-l inch in diameter, so that the asbestos will fit tightly 
round the neck of a test-tube or small flask. Cut down a test-tube 
so that it is 2 inches long, or use a small cut-down flask and push 
the neck through the asbestos so that about 
I of an inch projects on the upper side, as 
shown in fig. 60. 

Support the asbestos on a retort ring so 
that the test-tube may be heated. Place 
10-20 gm. of crushed pyrites in the tube 
and invert a dry, short-necked 500-c.c. 
flask on the asbestos and over the tube. 
Heat the pyrites, gently at first. Call 
attention to the whitish fumes of arsenious 
oxide which condense in the flask (if the 
class is sufficiently advanced). Now heat 
the tube to redness. Soon the flask becomes 
full of yellow fumes ; when sufficient fumes 
have entered—that is, after heating 
strongly for about 2 minutes—remove the 
flask, insert the cork, and allow to cool. 
The fumes settle down and a good deposit 
of yellow sulphur lines the sides of the 
flask. 

Expt. 231 ,—Preparation of Prismatic Crys¬ 
tals of Sulphur, K. Heumann, 1876 
Roll sulphur is melted in a basin or beaker and allowed to cool. 

A mass of good crystals is more easily obtained when a fairly 
large quantity of sulphur is used. Melt sulphur in a deep evapor¬ 
ating basin, 3-5 inches in diameter, or in a beaker. Arrange for the 
vessel to be four-fifths full of the molten liquid. Remove the basin 
from the source of heat to a block of wood. As soon as a thin 
crust has formed on the surface of the cooling sulphur pierce it in 
two places with a glass rod and rapidly pour out the unsolidified 
sulphur. On breaking away the surface crust a mass of needle 
crystals is seen to have formed underneath. Pass the crystals 
round for examination, or project them with the epidiascope. If 
a particularly good mass of crystals is obtained it should be pre- 



Fig. 60.—Sulphur from 
Pyrites. 
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served; the crystalline mass contracts on standing a few days and 
can then be bodily removed from the basin. 

Bxpt, 232.—Precipitation of Monoclinic Sulphur from Solution. 

A. F. Walden and B. Lambert, 1920 

The solubility curve of sulphur in toluene rises steeply between 
50 and 180® C, Consequently on allowing a hot concentrated 
solution to cool monoclinic sulphur comes down in abundance 
before the transition-point 97° C. is reached. 

In a moderately large flask, say of 300-c.c. capacity, place 20 gm. 
of roll sulphur, which need not be powdered, and 60 c.c. of toluene. 
Support the flask on gauze or on a sand-bath and apply gentle heat 
to keep the liquid just boiling. When sufficient sulphur has 
dissolved to raise the temperature of the solution above 114° C. 
the undissolved portion melts to a beautiful amber-coloured liquid. 
The sulphur completely dissolves in the course of 10-15 minutes, 
forming a deep yellow liquid. In a boiling tube holding, say, 80 c.c. 
place 20 c.c. of toluene and heat the tube by bringing the toluene to 
the boil for 2 or 3 minutes. Fill up the tube with the hot solution 
of sulphur and allow the solution to cool slowly by standing the 
tube in a box packed with cotton wool. 

Large needle crystals, often 2 inches long, appear, sometimes 
before the end of the lesson. Leave the crystals standing in the 
solution, the tube uncorked, until the next lesson. Innumerable 
rhombic crystals form and often attach themselves to the long 
needles, sometimes forming beautiful designs. Remove such a 
crystal and project it with a micro-projector. The two crystalline 
forms will be distinctly seen. 

The formation of monoclinic crystals of sulphur and their trans¬ 
formation into the stable rhombic variety is an example of a 
behaviour of general occurrence. It is treated more fully in 
Chapter VI, p. 445. 

Caution. —Remember toluene, b.p. 112° C., is inflammable. When 
a small flask is used the vapour of the boiling toluene condenses 
high in the neck and may easily pour over and catch alight. Have 
a folded duster ready against this contingency, which will not occur 
if a 300-c.c. flask, with not too short a neck, be used as recommended. 
It is not advisable to add the sulphur piece by piece to the boiling 
toluene. Each addition causes an extraordinarily violent evolution 
of vapour, often expelling the liquid from the flask on to the flame. 
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Expt. 233.—Preparation of Rhombic Octahedral Crystals of Sulphur, 

K. Heumann, 1876 

Place 20-50 c.c. of carbon disulphide in a stoppered cylinder, 
add crushed roll sulphur (not flowers of sulphur) in small portions 
and note how easily solution is obtained. 

(S = 30 at 0° C., 37 at 15° C., 94 at 38'' C., 181 at 55° C.) 

Continue the addition of sulphur until about i gm. is present in 
every 10 c.c. of liquid. Allow a portion of the solution to evaporate 
on a watch-glass or in a crystallising dish in the fume cupboard. 
Later on pass the crystals round for examination or exhibit them 
with the epidiascope. The remaining solution should be poured 
into an open cylinder, contained in a box of hay or of cotton wool 
to protect it from draughts, and allowed slowly to evaporate in 
the fume cupboard. Often large crystals J-i inch long are thus 
obtained. 

Expt. 234. — The Effect of Heat on Sulphur: Plastic Sulphur. 

E. F. Gorup-Besanez, 1859 

Sulphur is slowly heated to its boiling-point and the various 
phenomena noted. The boiling liquid is poured into cold water, 
whereon plastic sulphur is obtained. 

Fill a boiling tube one quarter with sulphur, and, holding the 
tube in the naked hand — to emphasise the ease with which 
sulphur fuses—rotate the tube in a small flame until the sulphur 
fuses. (It is difficult, while teaching and experimenting at the 
same time, to fuse the sulphur to an amber-coloured liquid ; it is 
advisable to have a subsidiary experiment going. About one-third 
fill a flask with sulphur and heat it slowly and gently on a sand- 
bath, keeping the temperature only just above the melting-point of 
sulphur. Amber-coloured molten sulphur is obtained.) 

Continue heating the molten sulphur; call attention to the 
changes of colour ; keep the tube rotating and watch the moving 
liquid. As soon as the liquid seems to thicken—viz. at 250-260C. 
—when the hot sulphur has the tint of dark marmalade, remove the 
flame and invert the tube. The sulphur stays in the inverted tube 
in the form of a dark brown jelly. The inverted tube should be 
held in front of the class until, owing to cooling, incipient 
fusion begins. Now grasp the tube with a holder, or fasten it 
in an ordinary retort clamp, and holding this in the hand continue 
the heating. The jelly fuses to a dark viscous liquid. Call attention 
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to the flask of carefully fused sulphur and thus exhibit the two 
liquid forms. Continue heating until the sulphur boils (444° C.), 
when, keeping it hot all the while and allowing the vapour to ignite 
at the mouth of the tube, pour it in a slow steady stream into a 
large beaker of water. If time permits allow the residue in the tube 
to cool and note the reverse changes. 

To obtain plastic sulphur of good quality and in large amount 
carry out the experiment as follows: Three parts fill a plain retort 
with sulphur and bring the mass to the boil. Meanwhile with a 
second burner warm the stem of the retort. Keep the sulphur 
briskly boiling and run the distillate into a basin until the sulphur 
runs out in a steady unbroken stream. Now replace the basin by 
a large beaker of water, in which stand an inverted funnel, and 
ignite the sulphur at the end of the retort. Have the surface of 
the water as close as possible to the end of the retort stem. The 
molten and almost boiling sulphur when thus suddenly cooled forms 
beautiful transparent yellow or amber-coloured threads. 

Remove the sulphur from the water and show its plastic state. 
Shake up a portion of the plastic sulphur with carbon disulphide. 
Solution is not obtained—ordinary plastic sulphur contains 99 
per cent, of fiS insoluble in carbon disulphide. Reserve a piece 
of the plastic sulphur until the next lesson, to show that its 
properties have meanwhile changed. 

Distribute the rest among members of the class and get them to 
keep the specimens under observation for a few days. 

Sulphides 

S3rnthesis of Iron Sulphide.—Repeat Expt. 72 or carry it out 
if it has not been done. Reserve the product. 

If time allows synthesise a few other sulphides to show that the 
method of synthesis is a general one, but that the energy change 
is different in each synthesis. Thus aluminium and sulphur 
combine almost explosively and the sulphide is raised to a white 
heat by the energy evolved. Zinc and sulphur combine with the 
production of flame. Copper and sulphur require to be con¬ 
tinuously heated for reaction to take place. Sodium and sulphur 
rubbed in a mortar with a pestle combine in the cold with a slight 
explosion. Once more it will be noticed that the energy evolved 
varies with the position of the metal in the electro-potential 
series. 
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Expt. 235.—Synthesis of Aluminium Sulphide. F. 

Mix intimately a level saltspoonful (or less) of aluminium powder 
with twice its bulk of flowers of sulphur and place the mixture in a 
test-tube. Grip .the tube with a holder and heat strongly the end 
containing the mixture, until action begins. Point the tube in a 
safe direction for the mass becomes incandescent and is sometimes 
ejected violently from the tube. On a damp day the moisture in 
the air immediately attacks the sulphide and the odour of hydrogen 
sulphide is soon detectable in the room. 

Expt. 236.—Synthesis of Zinc Sulphide. H. Schwarz, 1882 

Carefully and intimately mix 6 grn. of zinc powder and 3 gm. of 
powdered sulphur. Place a tile on a tripod stand and pour the 
mixture on the tile to form a cone-shaped heap. Spread a large 
sheet of clean blue or brown paper under the tripod. Darken the 
room. Apply at arm's-length a lighted taper to the mixture, which 
ignites and burns furiously with a greenish flame. A big shower 
of white flakes, of uniform size, falls on the paper. Collect the 
voluminous product, show it is a sulphide, and preserve it for future 
experiments. 

Note. —The mixing must be carefully done because a well-made 
mixture can be exploded by percussion. Zinc dust a mixture 
of zinc oxide and zinc powder), also zinc filings, are useless for this 
experiment. That quality of finely powdered zinc which moves 
almost like a liquid when the bottle containing it is inclined acts 
splendidly. 

Expt. 237.—S 3 mthesis of Hydrogen Sulphide. E. F, Gorup- 
Besanez, 1859-1868 

Hydrogen is passed into the vapour of boiling sulphur ; reaction 
takes place and hydrogen sulphide is formed. 

Place a few grams of sulphur in a small Wurtz flask, fitted with 
an inlet tube which delivers hydrogen (from a Kipp or cylinder, 
or from one of the pieces of apparatus depicted on p. 51) as shown 
in fig. 61. 

Place sulphuric acid in the wash-bottle to dry the hydrogen and 
mark its rate of flow. Sweep out the air with a good stream of 
hydrogen, until the flask contains only hydrogen and sulphur. 
Let the stream of hydrogen impinge on a sheet of paper moistened 
with lead nitrate or acetate ; no change occurs. Rub flowers of 
sulphur on moistened lead nitrate paper; no action takes place. 
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Hold the paper coated with sulphur in the stream of hydrogen ; no 
change occurs. It is manifest that neither hydrogen, sulphur, 
nor a mixture of these elements, has any action on lead acetate. 
Heat the flask until the sulphur quietly boils, keeping a slow stream 

of hydrogen passing through 
the apparatus. Hold mois¬ 
tened lead nitrate paper in 
the issuing gas. The paper 
is immediately blackened 
and an unpleasant odour is 
soon noticed in the room, 
when the heating should be 
stopped. The gaseous matter 
streaming from the tube has 
a set of properties different 
from those of hydrogen or 
sulphur. The gas must 
therefore be a distinct form 
of matter and can only be 
the compound hydrogen 
sulphide. 

Note. —If it is intended 
to find the composition of 
hydrogen sulphide, by de¬ 
terminations of its density and of the volume of hydrogen in a 
definite volume of the gas, the experiments (see Expts. 388, 433, 
and 434) had better be done next. The molecular formula of 
hydrogen sulphide can then be given and used. 

Note on Hydrogen Sulphide. —Hydrogen sulphide is a vigorous 
reactant equally valuable as a precipitant or as a reducing agent. 
The chemistry of its preparation, analysis, and synthesis is easy 
of demonstration ; its reactions are spectacular and full of significant 
chemistry. 

The one drawback to the use of hydrogen sulphide is its repellent 
and poisonous odour. The study of the chemistry of the gas should 
therefore not be avoided, rather should an attempt be made to 
apply the chemistry and cope with the odour. 

If time allows an investigative study of the method of prepara¬ 
tion by double decomposition may be made (see Expt. 238). 


Hydrogen 



Fig. 61, —Synthesis of Hydrogen Sulphide. 
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Arrange to prepare, as there detailed, less than 2 jars of gas over 
water, and to absorb all the excess gas. The experiment can be 
then carried out on the open bench with little discomfort. 

There is no need to introduce a complication by using antimony 
sulphide. Iron sulphide, made by the method of Expt. 72, is 
free from iron, and yields pure hydrogen sulphide when treated 
with cold dilute acid. 

The easiest way to obtain the several cylinders and jars of gas 
required for the demonstration of its properties is to work in the 
fume cupboard and fill the cylinders over hot water. Even then the 
jars of dry gas must be collected by downward displacement of air. 

Another device, if a supply of hydrogen sulphide be available 
elsewhere, is to fill the required cylinders and jars beforehand and 
have them ready in the lecture-room. 

Nevertheless, I recommend for teaching purposes the more 
laborious, but exceedingly instructive, procedure (Expt. 239) of 
preparing the gas on the open bench, using the special gas-jar cover 
and Ware's gas-trap charged with chlorine. Jar after jar can be 
collected without more than an occasional faint odour pervading 
the room. The class, aware of the offensive odour of the gas, take 
extraordinary interest in its successful suppression. 

Preparation of Hydrogen Sulphide in Quantity. —Innumerable 
patterns of apparatus have been devised for the preparation of 
hydrogen sulphide in quantity. Of those known to the writer the 
most efficient is that described in 1900 by Wm. Ostwald and 
depicted in fig. 15. 

Disposal of Waste Hydrogen Sulphide. —Surplus jars of hydrogen 
sulphide should be burnt away. Spent jars, containing too little 
hydrogen sulphide to burn, and aqueous solutions of the gas should 
be treated with a solution of copper. This reagent is preferable to 
caustic soda or bromine water. Sodium sulphide, accumulating in 
the sink reservoir, is decomposed by waste acids and the hydrogen 
sulphide escapes into the room. Copper sulphide is insoluble in 
the cold, even in concentrated acids. 

Should much hydrogen sulphide inadvertently get into the room, 
sprinkle the lecture bench and floor with bromine water. This will 
soon sweeten the atmosphere. 

A Reservoir for Waste Hydrogen Sulphide. F.—Take a large 
strong beaker of the capacity of a litre or more, A cut-down 
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Winchester quart, or a large jam jar, indeed any glass or earthen¬ 
ware vessel with a wide mouth, will serve. About one-quarter fill 
the vessel with a solution of waste copper sulphate. Add a table- 
spoonful of bleaching-powder and a sufficient quantity of concen¬ 
trated hydrochloric acid, renewed occasionally, to promote a slow 
evolution of chlorine. Cover the receptacle with a sheet of card¬ 
board. The trap should be charged beforehand so as to be full of 
chlorine by the time the lesson begins. The entire fluid contents 
of receptacles which contain too little hydrogen sulphide to be 
burnt should be discharged into the reservoir. Immerse the head 
of the receptacles well into the reservoir before removing caps and 
stoppers. 


Expt. 238.—The Action of Hydrochloric Acid on Iron Sulphide 

(K. ScHEELE, 1777). J. Dalton, 1810 

(Preliminary investigation.) 

Some of the iron sulphide synthesised in Expt. 72 is treated 
with hydrochloric acid. A gas is evolved, examined, and recog¬ 
nised as hydrogen sulphide, which can only have been formed by 
double decomposition. 

Fit up an apparatus consisting of a preparation flask in connection 
with a pneumatic trough, as in fig. 62, with the end of the thistle 

funnel almost touching 
the bottom of the flask. 
Place in the flask 3-4 gm. 
of the iron sulphide re¬ 
served from Expt. 72 
and pour into the funnel 
a small quantity of con¬ 
centrated hydrochloric 
waLf diluted with its own 
volume of water. Run 

in 2-3 c.c. of acid, warm 

the flask gently, and remove the fl^me as soon as the action 

begins, so that the evolution of the gas is slow and under control. 

Remove the first jar when the volume of gas collected is about 
equal to the volume of air originally in the preparation flask. If 
the evolution of gas be slow, the second jar, standing ready in the 
trough, is placed in position without the loss of a bubble of 
gas. When the second jar is about half-full pour water down the 
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thistle funnel, thus diluting the acid and stopping the action, and 
at the same time driving the gas from the flask into the jar. From 
a consideration of the reactants—both of which have been syn¬ 
thesised (in previous experiments)—in the chemical system under 
study, the colourless gas obtained can be only hydrogen or hydrogen 
sulphide. The jar is opened (for a moment) in the fume cupboard 
and a large piece of lead acetate paper rapidly dipped in the gas. 
Despite precautions a perceptible odour of hydrogen sulphide is 
usually present in the room. The identity of the gas is thus 
established. Now pour lead nitrate, or preferably copper sulphate 
solution, into the trough, the contents of which immediately turn 
black. The dissolved hydrogen sulphide is effectively fixed, and 
at the same time its solubihty in water is disclosed. Since the 
pupils know the composition of both reactants, the hydrogen of 
the hydrogen sulphide can have come only from the acid and the 
sulphur only from the iron sulphide. Iron and chlorine remain to 
be accounted for. The atmosphere in the preparation flask was 
colourless, so the absence of free chlorine is obvious. The class 
usually surmise that the iron and chlorine have united to form iron 
chloride, but proof of this must be postponed until acquaintance 
has been made with solution reactions for iron. 

Expt. 239.—Hydrogen Sulphide prepared on the Open Bench 

By using the special gas-jar cover and Ware's gas-trap charged 
with chlorine, all the hydrogen sulphide required for the demon¬ 
stration of its properties may be prepared on the open bench 
without the least discomfort. 

Fit up an apparatus such as that of fig. 63. Place 10-20 gm. of 
ferrous sulphide, prepared as in Expt. 72, in the flask A and fill 
the funnel with concentrated hydrochloric acid. The wash-bottle 
C contains water to mark the rate of flow of the gas, for it is neces¬ 
sary to maintain a continuous flow otherwise the chlorine in the 
trap, working back, disfigures the jar being filled, by causing a 
precipitation of sulphur. Cover the bottom of the trap E with 
bleaching-powder to a depth of half an inch. At intervals, as required, 
add a few c.c. of dilute acid to the trap so as to keep the flask full 
of chlorine. It is an advantage to enlist the aid of a pupil, whose 
business is to watch the rate of evolution of the hydrogen sulphide 
and by the application, when necessary, of a small flame, or a few 
drops of acid, to sustain a steady flow. When a jar is full of hydrogen 
sulphide, fumes of hydrogen chloride emerge from the gas-trap. 
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Use a fresh tube G for each jar of gas collected. It is then easy 
to know when the jar is full by the deposit of sulphur appearing 
on the end of the tube. 

Collect the jars and cylinders as required and perform the experi¬ 
ments detailed below. To clear the apparatus of hydrogen sulphide 



Fig. 63.—Preparation of Hydrogen Sulphide on the open bench. 


previous to dismantling it, proceed as follows: Dilute the contents 
of the funnel B with water and run it into the flask A, replenishing 
B constantly with water so that no air passes through the tap. In 
this way almost all the gas in the flask and wash-bottle is forced 
into the trap. Now detach the rubber tubing at F and join it 
to a small hand-bellows; gently drive the gas from the jar and 
delivery tubes into the trap. Pour the contents of A and C into 
the large H2S trap described on p. 190. 

Expt. 240.—Hydrogen Sulphide and Chlorine 

Hydrogen sulphide and chlorine are caused to mingle ; hydrogen 
chloride is formed and sulphur deposited. 

This reaction should be studied early because it explains the 
chemistry of the trap used in Expt. 239. 


13 
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Invert a jar of chlorine over a jar of hydrogen sulphide, and 
before removing the cover plates get the class to predict the action. 
Remove the cover plates, then open the jars, breathe into the fumes, 
hold a strip of moistened red litmus-paper in them, and a glass rod 
which has been dipped in strong ammonia. These reactions might 
well be carried out by the pupils who had suggested them. 

Expt. gp. 241. — Hydrogen Sulphide Water (C. L. Berthollet, 
1796). F. 

(a) Its Acidity 

It has already been shown (Expt. 238) that hydrogen sulphide 
is soluble in water. The aqueous solution is acidic. Take a strip 
of blue litmus-paper (6 inches long) and fold it lengthways, to give 
it some rigidity. Moisten a part of the paper and drop it quickly 
into a jar or cylinder of dry hydrogen sulphide. The moist part of 
the paper is instantly reddened—^not the full colour of />H4. (The 
paper becomes completely bleached if left for an hour or more in the 
hydrogen sulphide; possibly due to the reduction of the organic dyes.) 

That hydrogen sulphide is an acid is a fact of great significance, 
since much of its chemical behaviour—viz. its interaction with bases 
and salts—can be understood and predicted. 

(b) Its Instability 

Partly fill a corked flask with hydrogen sulphide water and leave 
it for observation. In a few hours, or by the next lesson, the 
liquid will have a milky appearance, due to the presence of colloidal 
sulphur. The oxygen of the air is slowly oxidising the hydrogen 
sulphide. After some weeks the colloidal sulphur changes to the 
yellow precipitated form. 

(c) Its Usefulness 

The reactions of hydrogen sulphide with nitric acid, chlorine or 
bromine water, and sulphurous acid may all be done in solution, by 
adding these reagents to hydrogen sulphide water and warming if 
necessary. In addition, with a class sufficiently advanced, the 
actions of acidified solutions of sodium nitrite, potassium perman¬ 
ganate, potassium chromate, and ferric chloride with hydrogen 
sulphide may be severally studied. 

(d) Precipitation of a Sulphide 

A solution of copper chloride or sulphate, or of lead nitrate (avoid 
lead acetate as acetic acid is unfamiliai* to the class), is treated with 
hydrogen sulphide. 
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Such a reaction affords an example of hydrogen sulphide function¬ 
ing as an acid, and the class are aware that a new acid and new 
salt should be produced. 

In a stoppered cylinder place 20-40 c.c. of a dilute solution of 
copper chloride. (A solution o-iM is suitable—viz. 17 gm. 
CuCl2'2H20 in 100 c.c.) Add a little more than an equal volume 
of H2S water. A solution of hydrogen sulphide saturated at room 
temperature is approximately o*iAf. Shake for a few minutes. 
Allow the precipitate to settle, so that the colourless liquid and 
black precipitate may be seen. Dip a strip of blue litmus-paper 
into the clear liquid. The litmus turns to the red colour imparted 
by the solution of a strong acid. Boil a portion of the clear liquid 
to free it from excess hydrogen sulphide. Test the cooled solution 
with silver nitrate. 

Expt. 242 ,—The Combustion of Hydrogen Sulphide 

Hydrogen sulphide is ignited and burns with a blue flame. 
Sulphur is deposited on the lower parts of the jar and the residual 
gas has the odour of sulphur dioxide. 

Ignite a jar of hydrogen sulphide and let the class note the 
phenomena. Cover the jar as soon as the flame dies out. Get 
members of the class to note the odour of the residual gas. In 
view of Expt. 244 and of the experiments on combustion, beware 
of explaining the precipitation of sulphur as due to preferential 
oxidation. 

Expt. 243 .—Nitric Acid reduced 

Concentrated nitric acid is poured into a jar of hydrogen sulphide ; 
sulphur is liberated from the hydrogen sulphide and nitrogen 
peroxide released from the nitric acid. 

2HNO3 + H2S - 2H2O + 2NOa + S 

Teaching Note.—Since hydrogen sulphide burns in air— i,e, under¬ 
goes vigorous oxidation—the class should expect it to function 
as a reducing agent. To exhibit its reducing behaviour we present 
the gas to various oxidising agents. Nitric acid is decomposed by 
heat into water, nitrogen peroxide, and oxygen; a reducing 
reactant presented to the nitric acid effects the same decomposition 
by means of chemical energy. The liberation of the brown gas is 
a visible indication that nitric acid has given up oxygen; D. LI. 
Hammick calls this ‘ hoisting the brown-red flag.* In a similar 
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way, that hydrogen sulphide functions as a reducing agent is shown 
by the appearance of sulphur. 

Pour about 2 c.c. of concentrated nitric acid from a test-tube into 
a jar of hydrogen sulphide; close the jar quickly. Rapid action 
occurs and a thick deposit of sulphur hides the gaseous contents of 
the jar. Cool the jar—warmed by the chemical action—in running 
water. Pour out, as though it were a liquid, the gaseous contents 
(NO2) into an empty dry jar. The class thus see the decomposition 
products of hydrogen sulphide and nitric acid in separate jars. 

Ezpt. 244.—Sulphuric Acid reduced by Hydrogen Sulphide 

Into a gas jar, or preferably a stoppered cylinder or bottle, of 
hydrogen sulphide pour quickly about i c.c. of concentrated 
sulphuric acid. No action is visible for a second; then, as the acid 
is rolled round the sides of the cylinder, sulphur appears as a 
precipitate, white at first, but soon changing to yellow. 

Few substances with which the class are likely to become familiar 
will reduce the stable sulphuric acid in the cold. This experiment, 
therefore, illustrates the power of hydrogen sulphide as a reducing 
agent, and, moreover, foreshadows the difficulty to be overcome 
when dry hydrogen sulphide is required. 

Expt. 245.—Sulphur Dioxide reduced by Hydrogen Sulphide 

If the gases be even moderately dry, interaction, in sufficient 
extent to be visible, may not occur for 5-30 minutes. This com¬ 
plication may be avoided by having one of the gases damp. 

Fill a small gas jar with sulphur dioxide and invert it over a jar 
twice the size filled with hydrogen sulphide. If jars of the desired 
sizes are not available use ordinary corked flasks with mouths of 
the same size. Remove the cover plates and allow the gases to mingle. 
Sulphur is precipitated in abundance on the sides of the jars. 
As with sulphuric acid, few substances at ordinary temperatures 
are able to rob sulphur dioxide of its oxygen. 

The class will become aware that sulphur dioxide is a highly stable 
substance, for it is one of the products of the thermal decomposition 
of sulphuric acid. 


The Constituents op Sulphuric Acid 

Introduction to the Investigation.—The teacher announces that 
the subject of study for the next few weeks is the famihar reagent. 
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sulphuric acid. The class agree that a desirable start would be to 
find the constituents of the substance. 

Of course the liquid is known to be acidic, as a reminder a drop 
of it may be put into litmus solution. The acidity is usually 
considered by the class as sufficient evidence of the presence of 
hydrogen; but from the start the students are urged to look upon 
the sulphuric acid as an unknown substance. They are reminded 
of the dictum of Descartes that a young man should doubt every¬ 
thing once, and informed of the retardation of knowledge by the 
complacent acceptance of erroneous explanations. Accordingly, 
they agree not to believe that sulphuric acid contains hydrogen 
or sulphur until these elements have actually been isolated from 
it. To avoid the bias of the name, suggesting the acid contains 
sulphur, it is decided to revert to the former name of ‘ Oil of 
Vitriol.' In this connection the class are informed that although 
‘ soda-water,' as now made, usually contains a little soda, the 
name was originally given because soda was used as the source of 
the carbon dioxide. A customary procedure in the analysis of an 
unknown substance is to find the effect of heat upon it, for heat 
breaks many complex substances into simpler ones, easy to recognise. 

The acid is heated, as described in Expt. 246. Dense white fumes 
come over and are collected in a gas jar. The fumes gradually 
disappear, and after a few minutes a colourless insoluble gas is left. 
The teacher demands an explanation of the formation and disappear¬ 
ance of the white cloud ; that a fog had temporarily formed is 
usually suggested, and this explanation is, for the time being, 
accepted as reasonable. Before the colourless gas is examined, its 
possible identity is discussed ; a large section—sometimes the entire 
class, influenced by the confident answers of the others—is con¬ 
vinced the gas is hydrogen. However, the gas, on examination, turns 
out to be oxygen, and the teacher points out the danger of arguing 
with preconceived ideas, and of forming a judgment on insufficient 
evidence; he calls attention to the easy acceptance of news in 
big headlines, of the effect of a loud and repeated assertion of a 
reputed truth and such matters as are inimical to the formation of 
a right judgment. 

An acid cannot be broken up into one substance only, and the 
suggestion is always made that other constituents must have 
dissolved in the water. (A keen class always calls attention to this 
from the rate the gas enters the trough and the slowness with which 
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the jar is filled.) The water in the jar of reputed oxygen and in 
the trough is found to reek of sulphur dioxide—or at least such is 
the opinion of the class. A colourless liquid (formic acid) is now 
passed round and the class asked to identify the gas evolved from 
its odour ; this is almost invariably by the majority given as 
sulphur dioxide—quite infrequently a boy will suggest that the 
odour is that of vinegar. Once again the danger of forming a con¬ 
clusion on insufficient evidence is pointed out and the necessity 
driven home of freeing the mind from bias. 

The pneumatic trough is now removed and the heating of the 
acid resumed ; dense white fumes productive of coughing are 
evolved ; the odour of sulphur dioxide is also noticed. Now sulphur 
dioxide is colourless and when inhaled does not promote coughing. 
Obviously at least two gases, other than oxygen, are coming off. 
Incidentally a new difficulty has arisen ; the existence of the white 
fumes, before the gas has entered the pneumatic trough, queries 
the ' artificial fog' explanation previously accepted. This provides 
an opportunity of pointing out the necessity of fearlessly modifying 
a view previously held and of either abandoning or improving a 
theory when new and informative evidence comes along. 

The action of heat has revealed that oil of vitriol certainly con¬ 
tains oxygen and perhaps sulphur. The expected hydrogen has 
not so far been found. 

No more information seems likely to be obtained from a further 
study of the action of heat, and the suggestion comes (from the class) 
that the action of metals should be examined. Copper is the first 
metal to be tried, and the class usually expect hydrogen to be 
evolved. Instead, a gas smelling of burning sulphur is evolved. 
This time—at the teacher's suggestion, if the class fail after a 
reasonable amount of probing—the gas is passed into a powerful 
reducing solution (made there and then from familiar materials) 
and sulphur liberated. Here the teacher reminds the class of an 
occurrence frequently encountered in scientific research and not 
unknown in quite different spheres of human activity—viz. a study 
is planned to solve a definite problem, and something striking, 
valuable, and quite unexpected is discovered in the progress of 
the work. Examples in science can be related, and supplemented 
by recalling the journey of Saul to seek his father's asses and of his 
finding a kingdom ; of Columbus seeking a route to India, and of 
other examples from the teacher's reading, such as the whaling 
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incident which started the late Prince of Monaco on a fruitful 
scientific career. 

The expected hydrogen still remains un-isolated. The students 
invariably demand that the action of zinc should be tried. The 
experiment is done and sulphur dioxide and plenty of sulphur 
obtained. That the acid should be first diluted with water is gener¬ 
ally, at this stage, objected to by alert members of the class who see 
the fallacy of assuming that the hydrogen evolved has been afforded 
by the sulphuric acid. Occasionally, with a duller class, the writer 
employs the following device. A piece of zinc is placed in water 
and the absence of action noted. Sulphuric acid is now poured 
in, hydrogen is briskly evolved, and the class allowed to state that 
obviously the hydrogen has come from the acid ; a conclusion with 
which the teacher temporarily concurs. The experimental procedure 
is then reversed. A piece of bright zinc is placed in cold undiluted 
sulphuric acid ; of course, no action takes place. Water is then 
(cautiously) poured into the acid and the class admonished to give 
the strict conclusion from the previous line of argument—viz. that 
the hydrogen has come from the water. 

And so the instruction goes on ; enough has been said to indicate 
the method. The discussions and trial experiments arouse plenty 
of interest, and the problems encountered constantly demand 
intellectual effort. 

Expt. 246 .— Thermal Decomposition of Oil of Vitriol. A. W. 

Hofmann, 1869 

(Oxygen obtained from sulphuric acid.) 

The oil of vitriol is run slowly through a silica tube, packed with 
pumice, raised to an orange heat in a table furnace. Oxygen is 
liberated and collected over water. The pneumatic trough is then 
removed and the colour and odour of the gases issuing from the 
porcelain tube are noted. The presence of sulphur dioxide in these 
gases is suspected from the odour. 

Fit up the apparatus as shown in fig. 64. The silica tube should 
be at least 12 inches long and of bore inch. Pack the middle 
portion of the tube with small pea-size pieces of pumice. To protect 
the bench from the heat stand the furnace on an upturned box. 
Tilt the box so that the incline is about i in 6. The furnace depicted, 
which works excellently, is a 6-inch section of a Fletcher furnace 
(see p. 38). If a dropping funnel can be reserved for this 
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experiment, first lengthen the stem by fusing a piece of glass tubing 
on to it and then bend it at a suitable angle. Otherwise join the 
inlet tube to the funnel with rubber and push the ends of glass 
together until they touch. The cork will last several experiments 
and may be of bark or rubber. A bark cork may also be used at 
the lower end, but it will last only while one jar 
of oxygen is being collected. Meanwhile charred 
matter comes over, discolouring the water of the 
trough and imperilling the investigative method. 

It is better, and especially helpful if the experi¬ 
ment is to be repeated to a parallel class, to use 
an acid- and heat-resisting stopper. I have not 
yet found one entirely satisfactory. My present 
method is to wind a strip of wet asbestos paper 



round the end of the delivery tube, thus making a cork-shaped 
mass, which can be further shaped by pressing it while wet and 
plastic into its position in the tube; it is then taken out and allowed 
to dry. The idea arose out of a method suggested by J. Fleming 
White, of the United States Geological Survey, in i88i. Fix the 
asbestos stopper in position and lute it thickly with pyruma putty. 

Make the furnace as hot as possible, and when expanded air ceases 
to be evolved put a gas jar in position in the trough. Run in the 
acid 2-3 drops at a time. Each drop as it passes into the furnace 
is followed by an evolution of a white gas. Alert pupils notice, 
without prompting, that the amount of gas collected seems small 
for the number of bubbles ascending the jar. 

On standing a few minutes the white flumes disappear, leaving a 
colourless insoluble gas. The class usually attribute the phenomenon 
to the formation and disappearance of a fog, and this explanation 
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IS accepted for the time being. The gas is found to be oxygen, and 
not hydrogen as generally expected. 

Now remove the delivery tube and trough and place a dry basin 
under the end of the silica tube. Run a few more drops of acid 
through the furnace. White fumes stream out of the open end, 
their appearance seems to contradict the * fog ' explanation and 
the phenomenon is left for the time as an unsolved puzzle. Let 
the class file past and smell the fumes, which can easily be blown 
towards them by means of a bellows attached to rubber tubing. 
The odour of sulphur dioxide is usually recognised with confidence. 
The choking effect due to the—to them unknown—sulphur trioxide 
is likewise experienced. 

Have the odour of the jar of oxygen tested. Invariably several 
of the pupils declare that sulphur dioxide is present—as it is. 

Expt. 247.—On the Necessity of suspending Judgment. F. 

As a result of Expt. 246 the class are confident that oil of vitriol 
contains oxygen and sulphur dioxide. 

Pour a few c.c. of an unknown liquid—formic acid—into a conical 
flask and pass it round the class. Each pupil is required to smell 
the liquid and, without collusion or discussion, to write down the 
identity of the escaping vapour. My experience of this experiment 
is that 50-60 per cent, of a good class of pupils, 13-15 years old, 
write down sulphur dioxide; 30 per cent, give hydrogen chloride, 
and the rest give a wild guess or no answer at all. Actually the 
odour so closely resembles that of sulphur dioxide as to deceive 
many a qualified adult chemist caught off his guard. The class are 
informed of the identity of the liquid and admonished not to believe 
the gas of Expt. 246 to be sulphur dioxide until sulphur is actually 
obtained from it. 

The thermal decomposition of oil of vitriol has not yielded the 
expected hydrogen, and the class suggest that the action of metals 
should be tried. 

Expt. 248.—The Action of Copper on Oil of Vitriol (J. Priestley, 

1774) 

(Preliminary experiment.) 

Copper reacts with hot oil of vitriol and a gas is liberated. The 
gas is not hydrogen but has an odour of sulphur dioxide. 

Fit up an apparatus such as that of fig. 65 for preparing and 
collecting a gas by upward displacement of air. Place about 
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10 gm. of copper chips in the flask and cover them with concen¬ 
trated sulphuric acid. Note that no action takes place in the cold. 
Warm the flask gently and remove the flame as soon as a brisk 
reaction begins— i.e. at 130° C.—not at the boiling temperature as 
recorded in several text-books. A gas is evolved and its misty 

appearance serves to indicate 
when the jar is full. Remove the 
jar and allow the delivery tube to 
dip into a flask of gaseous am¬ 
monia to trap the remainder of 
the issuing gas. Test the jar of 
gas with a lighted taper; the flame 
is extinguished; consequently the 
gas is not hydrogen. Blow the 
gas towards the class, or merely 
empty the jar near the class. The 
odour of sulphur dioxide is noticed. 
This is the second time in the 
investigation that sulphur dioxide 
has been suspected by its odour. 
The teacher should therefore be 
prepared to decompose the gas and 
liberate the sulphur. There are 
Fig. 65. half a dozen simple ways of doing 

this, and the one suggested by 
the class might well be adopted. A suggestion commonly made is 
that reduction should be attempted, and the class usually put 
forward hydrogen, phosphorus, or magnesium as reducing agents. 
Actually reduction with molecular hydrogen (Expt. 249 (a ))— 
spectacular, and easy to carry out—is the best of these methods, for 
the formation of water from the dry gases shows the presence of 
oxygen in the suspected sulphur dioxide. Where time is short the 
easy reduction with nascent hydrogen (Expt. 249 (&)) should be done. 
The decomposition with hot magnesium is a simple experiment, 
but 5delds very little sulphur and is on that account not to be 
recommended. When the use of phosphorus is advanced I suggest 
working in solution (Expt. 250), a fine yield of sulphur is obtained. 
For clarity the name sulphur dioxide has been used in the descrip¬ 
tions below. Of course while the investigation is proceeding the 
gas should be called that suspected to be sulphur dioxide. 
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Expt. 249.—Sulphur Dioxide reduced by Hydrogen 
(a) With Molecular Hydrogen 

Advantage is taken of the ability of platinum to promote chemical 
action. A mixture of hydrogen and sulphur dioxide is passed over 
gently heated platiijum black. Interaction takes place between 
the gases; sulphur and water are deposited in the cool end of the 
tube. 

The apparatus is easy to set up and the actual experiment 
occupies only a few minutes. The reaction takes place at moderate 



temperature, accordingly a soft-glass tube may be used. Fit up an 
apparatus such as that of fig. 66, The Woulfe's bottle contains 
sulphuric acid. The tube AB may be of any convenient dimen¬ 
sions, say 6 X J in. If the end B is pulled out to take a rubber 
connection the fitting up of the apparatus will be expedited. 

Pass a stream of coal gas for a minute to expel air from the 
apparatus. Now disconnect the tube C from the gas supply and 
join it to a Kipp or other apparatus giving a supply of hydrogen. 
If pressed for apparatus use coal gas in place of hydrogen. Keep 
the stream of hydrogen gently flowing. Have ready an apparatus 
such as described in Expt. 248 for the preparation of a stream of 
sulphur dioxide. Adjust the flame to secure a brisk evolution of 
gas. Collect two jars and then consider that the air has been 
expelled from the preparation flask. Remove the right-angle 
delivery tube and join the preparation flask to the tube D. Get 
a pupil to take charge of the sulphur dioxide preparation, and by 
warming with a small flame when necessary keep up a brisk flow 
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of gas. Note that no action occurs in the cold. Now heat the 
tube at P with an almost luminous flame. In a minute, about 
I inch beyond P, a white deposit appears, soon changing and grow¬ 
ing to a thick yellow coating. If a brisk stream of mixed gases is 
kept up the platinum will continue to glow when the flame is removed. 

To stop the action, turn off the hydrogen, replace the right- 
angled tube on the preparation flask, and let it hang in a flask full 
of gaseous ammonia to trap the still issuing gas. Call attention 
to the colourless liquid at the end A of the tube. 

The yellow deposit may be further identified, if deisired, by 
passing hydrogen over it and detecting the resulting hydrogen 
sulphide ; by passing air over and seeing the substance burn ; or 
by heating it and noting the phenomena. 

(b) Reduction by nascent Hydrogen 

In a flask place 20-30 gm. of granulated zinc, 20-30 c.c. of water, 
and a sufficient amount of concentrated hydrochloric acid to produce 
a brisk evolution of hydrogen. Lead the stream of sulphur dioxide 
into this liquid. The liquid first goes milky and soon becomes 
yellow and opaque. If the stream of sulphur dioxide be sufficiently 
fast the evolution of molecular hydrogen almost ceases, the entire 
amount being oxidised while in the nascent state. 

Pour off the colloidal sulphur from the zinc and boil the liquid to 
change the sulphur into a granular rapidly settling form. Identify 
the sulphur, if desired, as in the previous experiment. 

Expt. 250 .—Sulphur Dioxide reduced by a solution of Phosphorus. 

J. VOLHARD, 1895 

Advantage is taken of the great affinity of phosphorus for oxygen. 
To avoid loss of the sulphur through volatilisation the phosphorus 
is used in solution. Phosphorus is dissolved in a strong solution 
of caustic soda. The liquid is acidified with hydrochloric acid and 
sulphur dioxide passed into the solution. Sulphur is immediately 
precipitated. 

2H3PO2 + SO2 = 2H3PO3 + S 

Note.—^There is no need to trouble a class of beginners with the 
chemical actions taking place. The pupils are aware that the action 
of phosphorus is usually accompanied by a display of fire. Although 
the preparation of the solution of phosphorus seems complicated, 
all the reagents used are familiar-to the class and free from sulphur. 

Arrange to heat in the fume cupboard a small flask or beaker 
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containing 20-30 c.c. of a strong solution of caustic soda (20-40 gm. 
of NaOH per 100 c.c. of water). Add 2 or 3 pieces of yellow 
phosphorus of the size of green peas and heat the solution until 
the phosphorus has dissolved. Acidify the liquid with concentrated 
hydrochloric acid and then warm it. Now pass in sulphur dioxide. 
A yellow precipitate appears immediately. Boil the liquid so that 
the precipitate becomes granular and settles readily. Drain off 
the liquid and, if desired, further identify the precipitate. A simple 
method is to transfer the precipitate to a tube ; dry the tube as 
well as possible with blotting-paper, and then heat and sublime the 
yellow substance. The phenomena occurring are quite sufficient 
to indicate sulphur. Another method is to heat the suspected 
sulphur in a test-tube with a pinch of iron filings, and treat the 
product with dilute acid. A third is as follows: Gather up the 
moist precipitate on a splint of wood, gently dry it over a flame, 
then ignite, and note the blue flame and odour of sulphur dioxide. 

Ezpt. 251.—Electrolysis of Sulphurous Acid. M. Faraday, 1833 

A solution of sulphurous acid is electrolysed using platinum 
electrodes. A white suspension immediately appears around the 
cathode. The precipitate is ' aged' by boiling the liquid, and 
identified as sulphur. 

The method is essentially another illustration of the reduction 
of sulphurous acid by nascent hydrogen. 

Use the apparatus and method of Expt. 461, p. 426. Place a 
saturated aqueous solution of sulphur dioxide in the electrolytic 
cell, fig. 137, and pass a current, for a few minutes, from 2 or 3 
accumulators in series. 

Boil the solution to precipitate the sulphur and identify it as in 
Expt. 250. 

Expt. 252.—Reduction of Sulphur Dioxide with Magnesium. 

F. Kessler, 1869 

Burning magnesium is plunged into a vessel of sulphur dioxide, 
sulphur is liberated. This apparently simple reduction is not very 
satisfactory in practice. Products are formed other than magnesium 
oxide and sulphur—namely, magnesium sulphite and thiosulphate. 
Of the liberated sulphur but little condenses, owing to the high 
temperature of the action. To obtain the best result proceed as 
follows:— 

Select a flask with a short neck, a cut-down flask is suitable. 
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and fill it with dry sulphur dioxide. Hold with tongs a length of 
magnesium ribbon vertically over the neck of the flask. Ignite 
the lower end of the ribbon, or get an assistant to do so, and lower 
it well down into the flask. Sulphur sublimes on the neck of the 
flask. The idea of holding the ribbon in position just above the 
mouth of the flask is to allow the operator calmly to lower the metal 
into position despite the blinding glare. An attempt to ignite 
the magnesium at a distance from the flask and then guide it into 
position (unless blue goggles are worn) usually means plunging 
the metal to one side and fracturing the flask. 

Expt. 253 .—Sulphur Dioxide reduced by Stannous Chloride. F. 

A powerful reducing solution, stannous chloride in hydrochloric 
acid, is made from familiar materials free from sulphur and the gas 
from the interaction of copper and sulphuric acid passed into it. 
Sulphur is precipitated and hydrogen sulphide evolved. 

3 SnCl2 + 6 HC 1 + SOg = HgS + 3SnCl4 + 2H2O 
2H2S + SOg ^ 2H2O + 3S 

Dissolve about 4 gm. of tin in 30 c.c. of warm concentrated 
hydrochloric acid. First cool the liquid, otherwise it will break 
an ordinary filter-paper, and then filter off any insoluble matter— 
usually a black residue of lead. Place the liquid in a beaker and 
warm it to about 60® C. Clean the delivery tube of Expt. 248 and 
to it attach an inverted thistle-funnel head, as in D, fig. 67. Let 
the rim of the funnel just touch the surface of the liquid, and arrange 
for a brisk stream of gas to pass into the stannous chloride. Yellow 
sulphur immediately appears and coats the dome of the funnel; 
a dirty brown plastic mass accumulates in the liquid; clean yellow 
sulphur (undoubtedly from the interaction of hydrogen sulphide 
and sulphur dioxide) often coats the sides of the beaker. Hold a 
piece of lead acetate paper above the beaker. The odour and the 
blackening of the paper reveal the presence of hydrogen sulphide. 

The yellow precipitate may be scraped together, collected on a 
wood splint, and dried by wafting it above a small flame. Now 
ignite it, when it bums with the familiar blue sulphur flame and 
emits the odour of sulphur dioxide. 

Expt. 254 .—The Action of Zinc on. Sulphuric Acid 

Copper having failed to liberate hydrogen from oil of vitriol, the 
class usually insist that the action of zinc should be tried. 

In a small, long-necked flask place 10-20 gm. of zinc (it is better 
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to use the zinc known to the class—viz. the granulated impure metal 
—pure zinc is far less active). Pour on sufficient concentrated 
sulphuric acid to cover the zinc, using a thistle funnel so that no 
acid gets on the sides of the flask. Have ready a one-holed cork 
with a right-angled delivery tube attached so that the sulphur 
dioxide, soon to be evolved, may be led into a trap of ammonia 
gas. As with copper, no action occurs in the cold. Heat the liquid 
until a gas is vigorously evolved. The gas will not burn, and has 
the odour of sulphur dioxide. Insert the cork and let the delivery 
tube hang in a flask above a few c.c. of strong ammonia. Continue 
the heating for a few minutes. A yellow deposit appears on the 
sides and neck of the reaction flask. 

Epilogue. —It will be recalled that Expt. 248 was devised to 
obtain hydrogen from oil of vitriol; instead of the elusive hydrogen, 
sulphur was found. Setting out to find one thing and finding 
another is well known in science and not unknown in ordinary 
life (see p. 198). 

Hydrogen obtained from Oil of Vitriol. —A member of the class 
suggests the winning of hydrogen from oil of vitriol by the action of 
zinc on the diluted acid, but after adverse criticism the suggestion 
is rejected as unsound by other members. At this stage the class 
are informed that hydrogen has already been obtained from oil 
of vitriol, and Expt. 175 is recalled and reviewed. In that experi¬ 
ment oil of vitriol was poured on salt, whose composition the class 
know from synthesis. The gas evolved was passed over the element 
sodium. Elemental hydrogen was collected and could have come 
only from the oil of vitriol. To revise and extend the knowledge 
Expt. 177 or 178 could be done with profit at this stage. 

The Attempted Synthesis of Sulphuric Acid. —^Three elements 
have now been obtained from sulphuric acid and there is no evidence 
of any others. It is therefore determined to attempt the synthesis 
of the acid from these three elements. 

Suggested schemes, such as beginning with the synthesis of 
hydrogen sulphide, are discussed and criticised in the light of the 
known chemistry. 

Expt. 255.—Synthesis of Sulphurous Acid (G. E. Stahl, 1702 ). F. 

Sulphur is burnt in dry oxygen and the sulphur dioxide produced 
is shaken up with a small quantity of water. The liquid is strongly 
acidic, but does not give the reactions for sulphuric acid. 



208 SULPHUR AND ITS COMPOUNDS 

Fill a dry gas jar with dry oxygen, either from a cylinder or by 
heating potassium permanganate thus: place a few grams of this 
salt in a dry test-tube, add a loose plug of asbestos wool and a cork 
and delivery tube. Heat the permanganate gently and pass the 
gas into the jar until a glowing splint held at the mouth of the jar 
bursts into flame. 

Ignite sulphur on a deflagrating spoon and bum it in oxygen, in 
the usual way. Cover the jar, add 10-12 c.c. of water and agitate 
the contents. Pour the liquid into a small flask, which keep corked. 
Dip a strip of blue litmus-paper into the liquid ; the paper is 
reddened. Combination must therefore have taken place and the 
hydrogen of the water become the hydrogen of an acid. Presumably, 
therefore, the liquid is a solution of sulphuric acid. Treat dilute 
sulphuric acid of the reagent bottle with bromine water and another 
portion with a solution of potassium permanganate. No change 
occurs. Likewise the acid has no odour. Now treat portions of 
the reputed sulphuric acid with the above two reagents. In each 
experiment the reagent is decolorised. The solution, although 
obviously a ‘ sulphur acid, ' is not sulphuric acid. The class will 
recall that when oil of vitriol was decomposed by heat, sulphur 
dioxide and free oxygen were evolved. The suggestion is soon 
made that the acid lacks this extra oxygen. Give the name of 
the * sulphur acid.* Expose some to the air in an open flask for a 
week. In a few days (usually five) the liquid entirely loses its 
odour but still reacts strongly acidic to litmus. Examine the liquid 
in a subsequent lesson and show that it answers all the tests for 
sulphuric acid. 

A digression is now made in order to study sulphur dioxide and 
sulphurous acid. 

Expt. 256.—Preparation of Sulphur Diosdde and Sulphurous Acid 

Sulphur dioxide may be prepared in quantity by the apparatus 
and method of Expt. 248. The gas may be collected by the upward 
displacement of air by the simple method shown in fig. 65. A small 
light held just inside the mouth of the jar will be extinguished 
and will indicate when the jar is full. Fill the gas jars and cylinders 
required for the lesson; then attach to the delivery tube the 
apparatus D of fig. 67, placing water in the beaker, and so make a 
solution of the gas. 

Alternatively, the gas may be collected by the method used for 
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hydrogen sulphide. The dropping funnel of fig. 63 is not required. 
Charge the wash-bottle C with concentrated sulphuric acid and the 
gas-trap E with a few c.c. of strong ammonia. When a jar is full 
of sulphur dioxide, dense white fumes appear in the trap. 

Several experiments with sulphur dioxide have already been 
done.* 

Expt. 257.—Sulphurous Acid oxidised by Halogens 

(a) Chlorine Water as an Oxidising Agent 

Chlorine water is poured into a stoppered cylinder of sulphur 
dioxide. The resulting liquid is found to contain hydrochloric 
and sulphuric acids. 

Add the chlorine water to a cylinder of sulphur dioxide and note 
the disappearance of the green colour—therefore the chemical 
disappearance of free chlorine (40 c.c. of a saturated solution 
of chlorine water at 15° C. react with 100 c.c. of sulphur dioxide). 
To a portion of the liquid add nitric acid and a solution of silver 
nitrate. To another portion add a solution of barium chloride. 

To a junior class the action may be explained as follows: Chlorine, 
without the aid of added energy, is not able to decompose water ; 
however, it exerts a strong pull on the hydrogen : sulphurous acid 
exerts a similar pull on the oxygen, and the combined action of 
these two reagents brings about the disruption of the water 
molecule. Water, therefore, provides the oxygen. 

(b) Bromine Water as Oxidising Agent 

The reaction is carried out as in (a). Add the bromine water 
until a pale straw-colour just persists; then carry out tests for 
bromide and sulphate. Point out the advantages as an oxidising 
agent, accruing from the much sharper colour change, that bromine 
water has over chlorine water. 

Expt. 258.—Sulphurous Acid reduces Nitric Acid 

Ordinary concentrated nitric acid {d i'42), consisting of about 
67 per cent, of HNO3 and 33 per cent, of HgO, is dropped into a 
cylinder of sulphur dioxide. The sulphurous acid which is first 
formed reduces the nitric acid. Sulphuric acid is formed and 
nitrogen peroxide liberated. 

To a stoppered cylinder of sulphur dioxide add 5 c.c. of con- 

♦ This is an appropriate place in the course to determine the density of 
sulphur dioxide and to carry out its gas-volumetric analysis (see Chapter V, 
p. 366). 
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centrated nitric acid. Brown fumes appear in the jar (see Expt. 
269.-SI- 219). 


Expt. 259 .—Bleaching with Sulphurous Acid 

Huge quantities of sulphurous acid are used industrially for the 
bleaching of organic matter. Accordingly, the bleaching action is 
appropriately demonstrated by using coloured flowers. 

The bleaching is slower than that of chlorine ; certain flowers 
resist so long as to be unsuitable. The best material is to be 
found among the red and purple petals of frail summer flowers. 

Utilising the solution of sulphurous acid being prepared in 
Expt. 256, put a large red petal in the dome of the inverted thistle 
funnel, and another in the sulphurous acid. Pluck these from the 
same flower and keep the remaining petals for comparison. This 
is especially necessary in a season when only resistant petals such 
as those of chrysanthemums can be obtained, the red colour of 
which sometimes goes only to a paler tint in the lesson period. 
Remove the bleached petal and stick it on the inside wall of a dry 
gas jar—this is to render the next operation visible to the whole 
class. Run about i c.c. of concentrated nitric acid (or of 20-vol. 
H2O2) down the side of the inclined jar so that it passes over the 
petal. In a minute the colour is restored. N.B .—The red acid 
colour from a blue or purple petal, for most flowers contain sensitive 
dyes. Wash off the nitric acid, otherwise the usual brownish 
yellow decomposition product forms. The bleaching and colour 
restoration may more easily be done with an aqueous infusion of 
the flowers, but the actual petal provides a more telling illustration. 

The restoration of the colour may be illustrated by an analogy 
from warfare. When an army is in retreat and it is necessary to 
abandon the heavy guns, the gunners blow them to pieces. But 
when there is a likelihood of the artillery being temporarily over¬ 
whelmed, as by an unexpected cavalry attack, the gunners remove 
the breech locks from the guns and retreat with them to safety. 
The pieces are thus rendered useless, but not destroyed. When 
the cavalry have been driven off the gunners return and reassemble 
the guns. Chlorine bleaches by utterly destroying the coloured 
molecules; sulphurous acid bleaches by removing an atom of 
oxygen, easily replaced from an oxidising agent. 

Refer to the bleaching of straw and the colour of a * last season's' 
straw hat. 
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Most newspaper is made from wood pulp bleached with calcium 
hydrogen sulphite. The restored wood-colour is often seflp in 
newspapers of old date. 

Expt. 260 . — Liquefaction of Sulphur Dioxide. M. Faraday, 1827 , 
A stream of sulphur dioxide is passed into a receptacle cooled 
in a freezing mixture. The gas which escapes condensation is 
absorbed by a solution of caustic soda. 

Fit up an apparatus such as that of fig. 67. Prepare the acid 



as in Expt. 248, using about 50 gm. copper and covering it with 
sulphuric acid. Add a wash-bottle of sulphuric acid to mark the 
flow of the gas. Pile a freezing mixture (see p. 71) of ice and salt 
round the receiver. The freezing mixture must be carefully made 
so that a temperature of at least -12° C. or -15° C. is reached, 
for liquid sulphur dioxide boils at -10° C. 

Send a steady stream of sulphur dioxide into the receiver for 
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15-20 minutes and absorb any excess of gas by the device D shown 
in figure. Meanwhile discourse on domestic refrigerators, the 
bleaching of wood pulp, the use of sulphur dioxide as a disinfectant, 
and k^^ed matters; or begin another experiment, such as the 
preparation of sodium thiosulphate. 

Remove the receiver from the freezing mixture and show the 
liquid product. If the experiment has proceeded for 20 minutes 
the yield of liquid will be about 5 c.c. Pour this liquid into about 
twice its bulk of cold water contained in a small flask. The liquid, 
warmed by the cold water, boils furiously, while the water, cooled by 
the liquefied gas, changes to ice. Add caustic soda to the contents 
of the flask to fix the sulphur dioxide. 

Note.—If solid carbon dioxide is available (see p. 98) the 
liquefaction of sulphur dioxide may be performed much more 
expeditiously. Immerse a test-tube in a hole made in a block 
of' snow ' and lead the sulphur dioxide into the test-tube. 

Keep the preparation flask, with its solid contents intact, for a 
study of the action of copper on sulphuric acid. 

Ezpt. 261 .—Reduction of a Chromate and a Permanganate 

The conversion of manganese and chromium compounds into 
permanganates and chromates respectively, by the customary 
fusion with an alkali and an oxidising agent, is a well-known 
analytical procedure. If by this time the class have studied the 
identification of simple unknown substances they will be familiar 
with the above procedure and the reversal of the chemical action 
involved may now be shown. In this way the work in the laboratory 
is correlated with that in the lecture-room. 

To 50 c.c. of 0'iiV-KMn04 add a few c.c. of dilute caustic soda 
solution and pass in a stream of sulphur dioxide. The perman¬ 
ganate loses its colour and a white precipitate (subsequently turning 
brown) of manganous hydroxide appears. 

Pass sulphur dioxide into 50 c.c. of o*iN-K2Cr207; green 
chromium sulphate is formed in solution. Now add caustic soda 
until the liquid is alkaline: a green precipitate of chromium 
hydroxide falls. 

Expt* 262 *—Simple Preparation of Sulphur Dioxide. W. R. 

Hodgkinson, 1908 

Burning sulphur is poured into a flask full of oxygen. 

Place a half-inch layer of sand at the bottom of a large (700- 
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1000 c.c.) flask. Fill the flask with oxygen (or use it, full of air). 
Fuse and set fire to a few grams of sulphur in a sftiall "basin and, 
holding the basin with tongs, pour the burning mass on the 
sand, and cover the flask with a watch-glass. When the flame has 
gone out, allow the flask to stand until the fumes of vaporised 
sulphur have settled. Pour the contents of the flask into several 
jars or test-tubes and carry out experiments with litmus, a burning 
taper, water, and a red-hot platinum coil. 

£zpt. 263 .—Preparation of Sodium Thiosulphate 

Sulphur dissolves in an aqueous solution of sodium sulphite and 
the resulting liquid has the remarkable property of dissolving silver 
chloride and silver bromide. 

Prepare a strong solution of sodium sulphite by dissolving 40 gm. 
of the salt NagSOa'yHgO in 100 c.c. of water. Reserve half of the 
solution. Pour the remainder into a large flask—so that the 
contents may be safely shaken—and bring the liquid to the boil. 
Make about i gm. of sulphur into a cream with water. 

Transfer the water and sulphur to a small flask and shake the 
mixture into a suspension. Pour the suspension into the boiling 
solution of sulphite, leaving behind any heavy particles of sulphur 
which settle during the pouring. Keep the solution just boiling. 
After the liquid has boiled for 5 minutes filter a portion and add 
to it a few c.c. of concentrated hydrochloric acid. A copious 
precipitate of sulphur appears, informing the class that solution is 
taking place. The liquid becomes completely clear in 15-20 
minutes. If this length of time cannot be given, and the liquid is 
not clear, filter it. Cool the liquid in running water. The class 
are probably aware that substances in solution are chemically 
active and should expect the solution to have some remarkable 
properties. 

Precipitate silver chloride from 5 c.c. of o-iAT-AgNOg, warm the 
suspension and curdle the precipitate by shaking. Wash the silver 
chloride two or three times by decantation. Add about 10 c.c. of 
the solution of ' hypo,' the silver chloride rapidly dissolves. Prepare 
silver bromide in a similar way and repeat the experiment. Thus 
silver chloride and bromide, insoluble in water and in strong acids, 
are easily soluble in this solution of sulphur. 

Prepare another specimen of silver bromide and show that it 
will not dissolve in the (reserved) solution of sodium sulphite. 
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Warm some of the ' hypo ' solution in a beaker, then add about 
J its volume of concentrated hydrochloric acid. The liquid turns 
fast milky, then yellow and opaque due to the precipitation of 
sulphur. Also add acid to a portion of the reserved solution of 
sodium sulphite ; no sulphur is precipitated. 

Note.—The use of ‘ hypo' in photography should be mentioned 
here, but the chemistry of photography itself is better left to the 
Advanced Course. 

The Action of Copper on Sulphuric Acid 

The appearance of a black product in the sulphur dioxide pre¬ 
paration flask attracts attention and demands investigation. The 
actual solid phases present depend on the temperature employed and 
the extent to which the action has proceeded. When the action 
goes on for a short time at moderate temperature, 130-200° C., 
the cuprous sulphide formed completely hides the anhydrous 
copper sulphate, but if the action is prolonged and the temperature 
is allowed to rise above 230° C. the cuprous sulphide slowly passes 
into anhydrous copper sulphate—insoluble in sulphuric acid—the 
solid contents of the flask appear white or dirty grey, and a sublimate 
of sulphur lines the neck of the flask. The writer offers the following 
explanation of the formation of the cuprous sulphide, for which 
there is (unpublished) experimental support:— 

4CU + SOg =Cu2S -f 2CuO 
2CuO + 2H2SO4 = 2CUSO4 + 2H2O 

When copper has been digested for some time with sulphuric 
acid, a sublimate of sulphur, small in amount, is found in the flask. 
The reactions by which the sulphur is formed are obscure and 
complex. Cuprous sulphate is also formed, and its presence in the 
hot liquid may be shown to an advanced class. For further informa¬ 
tion on this reaction, and references to the literature, see SS.R,, 
1927, 9 , 84-90. 

For the present investigation it is advisable to save the prepara¬ 
tion flasks from Expts. 247-260 with their contents intact. If 
patches of a greyish-white crystalline solid are not plainly discernible 
in one of the flasks, heat the flask on a sand-bath in the fume 
cupboard for 10-15 niinutes until this product appears. Pass the 
preparation flasks round for inspection. The class note the two 
distinct solids, one black, the other grey, but see no sign of the 



COPPER ON SULPHURIC ACID 215 

expected blue copper sulphate. The question arises, has sulphuric 
acid any action on hydrated copper sulphate ? This leads to the 
following experiment:— 

Expt. 264 .— Interaction of Blue Vitriol and Concentrated Sulphuric 
Acid. F. 

Powder a few grams of blue vitriol; place it in a small flask and 
cover it with concentrated sulphuric acid. Action is slow in the 
cold—which may be interpreted as illustrative of the tenacity with 
which copper sulphate retains its water. Warm the flask gently 
for a few minutes ; meanwhile proceed with the next experiment. 
White anhydrous copper sulphate is formed. 

It is obvious from this experiment that anhydrous copper sulphate 
cannot abstract water from slightly diluted sulphuric acid. 

The greyish-white crystalline deposit in the sulphur dioxide 
preparation flask is therefore probably anhydrous copper sulphate. 

It should not be necessary, but, if called for, carry out the reverse 
experiment to convince the class. To 0*5 c.c. of water add 6-7 c.c. 
of concentrated sulphuric acid. Pour the liquid into a small flask 
and add a few grams of anhydrous copper sulphate. The copper 
sulphate remains unchanged. 

Expt. 265 .— Hydrated Copper Sulphate prepared 

To prove that the greyish residue is anhydrous copper sulphate 
it is treated with water. 

Drain off any acid liquor from one of the preparation flasks, and 
then wash the solid residue once with water by rapid decantation. 
The acid solution of copper sulphate will be green if this precaution 
is omitted, and it is always advisable with a young class to avoid 
unnecessary complications. 

Dilute the contents of one preparation flask with an equal volume 
of water. The mixture usually gets very hot. Filter it into a tall 
cylinder. A deep blue liquid runs through, from which crystals of 
hydrated copper sulphate usually separate in the lesson period. 

Expt. 266 .— Identifloation of the Black Insoluble Product. F. 

Dilute the contents of the preparation flask with much water 
and swirl the liquid to bring the black solid into suspension. Pour 
off the suspension into another flask ; allow the solid to settle and 
wash it by decantation with hot water until the decanted liquid is 
colourless. On first thoughts the black insoluble product from the 
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interaction of copper and sulphuric acid is invariably deemed to be 
copper oxide. 

Warm copper oxide, from stock bottle, in a flask with dilute 
sulphuric acid: solution is rapidly obtained. Treat the black 
product similarly with dilute sulphuric acid, bringing the acid to 
the boil for a few minutes. The black product remains unaffected, 
and is therefore not copper oxide. Moisten a portion of the solid 
with concentrated hydrochloric acid ; get some of the mixture on 
an iron wire and hold it in the flame. The tint shows that the black 
substance is a copper compound, and from a consideration of the 
reactants employed in its preparation the substance can only be 
copper sulphide. 

At this stage the charcoal-stick test for insoluble sulphur com¬ 
pounds could be performed by the class as a laboratory experiment, 
but for a lecture demonstration the following method is preferable. 

Warm aluminium foil in an open flask with dilute hydrochloric 
acid until action begins, when at once remove the flame. Insert a 
piece of lead acetate paper in the neck of the flask—the paper should 
not be affected by the issuing gases. Warm again to secure a brisk 
evolution of hydrogen and drop in a small amount of the black 
product and replace the lead acetate paper in the mouth of the tube. 
Hydrogen sulphide is instantly detected. 

Ezpt. 267 .^—Preparation of Sulphuric Anhydride. E. F. Gorup- 
Besanez, 1859-1868 (Peregrine Phillips, 1831) 

A mixture of sulphur dioxide and oxygen is passed over heatc.- 
platinum black. White crystals collect in a cooled receiver. The 
crystals unite directly with water, forming sulphuric acid; they are 
therefore sulphuric anhydride and must consist of sulphur dioxide 
and the extra oxygen, p. 208, 

Note.—Solid sulphur trioxide may be prepared and examined 
in a lesson period of 40-45 minutes, but only if everything is ready 
beforehand. The reagents and apparatus must be dry, for the 
presence of a very little water will spoil the formation of the crystals. 

It is a great help if a cylinder of oxygen and a siphon of liquid 
sulphur dioxide are available. The rates of flow can easily be 
regulated, and the entire attention uiay be given to the rest of the 
experiment. Failing these sources of supply, prepare the oxygen 
by heating a test-tube half-full of potassium permanganate, and 
make the sulphur dioxide by the method of Expt. 256, getting an 


* See also Note on page 494. 



SULPHURIC ANHYDRIDE 2ir 

apt pupil to take charge of the preparation and to regulate the 
evolution of gas by the occasional use of a small flame. 

Fit up an apparatus on the lines of fig. 68. Since the optimum 
reaction temperature is 400° C. a soft-glass combustion tube may 
be used. A length of 12-18 inches is suitable. If necessary, draw 
out one end slightly, so that the tube fits loosely into the neck of a 
small Wurtz flask, or other receptacle. Make the connection tight 
by wrapping asbestos paper round the tube where it fits into the 



Fig. 68. —Preparation of Sulphuric Anhydride. 


neck of the flask, and seal the joint with paraffin wax. Such a 
joint is highly satisfactory, and should be made after the platinum 
black has been placed in the tube and before the ice is added. That 
portion of the apparatus which comes into contact with the sulphur 
trioxide is thus completely free from corks or rubber. This pre¬ 
caution serves to emphasise the corrosive action of the substance. 
A tuft of platinised asbestos half the size of the little finger is 
ample for the experiment. Heat it strongly and make sure that all 
fumes have been expelled: change the position of the tongs and 
reheat. These preparations should be finished by the time the class 
assemble. Now pack crushed ice—not freezing mixture—round the 
receiver. If freezing mixture is used, excess of sulphur dioxide is 
liquefied and dissolves the sulphur trioxide. The wash-bottle in 
the figure contains sulphuric acid. It serves to show the absence 
of a leak and to stop the entry of damp air while final adjustments 
are being made. All being ready, arrange for a flow of sulphur 
dioxide of about 3 bubbles a second—the oxygen of course need 
be flowing at only half this rate—and warm the platinum with an 
almost luminous flame. White fumes immediately stream from 
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the platinum. Pass the gases for io~20 minutes, but take care to 
leave time to examine the crystals. If the gases are rushed the 
platinum will glow a dull red for some time without further heating. 
Detach the receiver from the apparatus ; torrents of white fumes 
issue forth. Pass the receiver round the class so that the silky 
crystals may be seen. Remove a portion of the solid with a dry 
glass rod or glass spoon and place it in a small quantity of water in 
a test-tube. Have perfect quietness in the room during the experi¬ 
ment so that the hiss of the violent interaction can be heard. 
Show that the solution is acidic, that it gives a precipitate when it 
is treated with a mixture of hydrochloric acid and barium chloride, 
and that it does not decolorise either bromine water or a solution 
of potassium permanganate. The solid has united directly with 
water and formed sulphuric acid. 

The experiment may be simplified by omitting the condensing 
apparatus and preparing only gaseous sulphur trioxide. In this 
modification use a bent combustion tube, as in fig. 68. Let the 
open end dip into a receiver of water. Notice the large quantity 
of fumes which passes completely through the water—the bubbles 
of sulphur trioxide being protected by an adsorbed envelope of 
oxygen. Now replace the receiver by one containing 95 per cent, 
sulphuric acid—ordinary concentrated acid is usually of this 
strength—and notice the increased absorption of fumes. 

£zpt. 268 .—Formation of Sulphur Trioxide. S. Genelin, 1918 

Where it is merely desired to show the formation of sulphur 
trioxide and not to prepare it in quantity the following simple 
experiment will suffice. 

Place 10 c.c. of a saturated aqueous solution of sulphur dioxide 
in a 2-litre flask. Shake the flask about for a minute. Fasten a 
piece of platinum foil with wire to a glass rod. Make the foil red- 
hot and plunge it into the flask. The platinum remains red-hot for 
a few seconds and clouds of white fumes appear. 

The experiment may be done in a gas jar, adjusting the amount 
of sulphurous acid to the size of the jar : and if foil is not available 
a tuft of platinised asbestos will serve. 

Experiments illustrative of the Lead Chamber Process 

Introductory Note. —The familiar ' five tube ' experiment, de¬ 
manding much preparation from the teacher, and requiring the 
attention of the class concentrated on several reactions, has been 
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omitted. For many years my own practice has been to replace 
it by a series of small experiments given below. In these the 
chemical actions involved in the catalytic synthesis of sulphuric 
acid are studied one by one. Thus step by step the chemistry of 
the lead chamber process is illustrated and expounded. According 
to the proficiency of the class, one to three of the serial experiments 
can be taken in a lesson period; thus each point can be driven 
home before the next is taken. (See also p. 5.) 

The synthesis of sulphurous acid and its conversion into sulphuric 
acid are recalled. The class is informed that this synthesis is 
carried out industrially on a large scale ; that nitrogen peroxide— 
the worth of which the investigation will reveal—is the oxidising 
agent used; that the flasks and cylinders of the laboratory are 
replaced by huge lead chambers ; and that the reactants are sent 
into these lead chambers in the gaseous state. To understand the 
industrial process the several actions going on in the lead chambers 
are sorted out and studied one by one. 

Several white-glass stoppered bottles or cylinders are required : 
loo-c.c. graduated (or ungraduated) stoppered cylinders (fig. 69) 
are excellent, but stock and reagent bottles, having air-tight 
stoppers, may be used. Fill 2 cylinders with dry sulphur dioxide 
from a siphon of the liquid, or prepare the gas as in Expt. 248. 
Prepare nitrogen peroxide by the action of copper on nitric acid, 
Expt. 211, and fill 3 or 4 cylinders with the gas by displacement of 
air. A cylinder filled after the action has proceeded for some time 
may contain a small amount of nitric oxide, which would spoil 
Expt. 272. Therefore label the two cylinders first filled and reserve 
them for that experiment. 

Since two different methods of preparing nitrogen peroxide are 
followed in industry, both should be illustrated: 

(1) The reduction of nitric acid (prepared from Chilean nitre) by 

sulphurous acid (Expt. 269); 

(2) The catalytic oxidation of ammonia. (To illustrate this either 

carry out or repeat Expt. 224.) 

Expt. 269.—Preparation of the Oxidising Agent 

Nitric acid is poured into a cylinder of sulphur dioxide: nitrogen 
peroxide is released in torrents. White crystals of nitrosyl hydrogen 
sulphate are also formed. 

2HNO3 + SOa - HaS04 + 2NOa 
HNOj + SOa^NO-H-SO^ 
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Have 2 c.c. of nitric acid (d 1*42) ready in a test-tube. Pour 
the acid into a loo-c.c. cylinder of sulphur dioxide. The action is 
violent and the stopper occasionally requires to be held in. If 
white crystals appear on the walls of the cylinder tell the class that 
their identity will soon be revealed, and ignore them for the time 
being. The class usually assumes that the crystals are sulphur 
trioxide. The complication caused by the appearance of nitrosyl 
hydrogen sulphate may be avoided by using excess of nitric acid. 
Pour in 5 c.c. of nitric acid and wet the walls of the cylinder with it. 

To a second cylinder of sulphur dioxide add 5-10 drops of nitric 
acid {d 1*5), from a dropping funnel, and stopper the cylinder. 
In the course of the lesson the brown gas, released in the first place, 
will often entirely disappear and only a white product, often 
beautifully crystalline (chamber crystals), will be seen in the cylinder. 
Reserve this cylinder for examination. (N. B .—100 c.c. of sulphur 
dioxide react with 0*3 gm.—that is, about 4 drops—of fuming nitric 
acid.) 

Note. —In the next experiment lies the key of the chemistry of 
the lead chamber process; it is therefore worth while to make this 
experiment successful. It is difficult under lecture conditions to 
work rapidly and at the same time be sure that equivalent quantities 
of the reactants are being used. Therefore have at hand a reserve 
cylinder and work roughly quantitatively ; if the experiment fails— 
a rare occurrence—an amended quantity may be taken and the 
experiment repeated. A lOO-c.c. stoppered cylinder holds 
120-150 c.c. according to the position of the graduation mark. 
Prepare a small quantity, say 10 c.c., of a saturated aqueous solution 
of sulphur dioxide and dilute it with its own volume of water. 
With an ordinary 100-c.c. stoppered cylinder—viz. one holding about 
120 c.c.—use a definite volume, 3-5 c.c., of the diluted sulphurous 
acid. Should too little be used the gas will not be completely 
decolorised ; if considerable excess is used no browning occurs on 
opening the cylinder, owing perhaps to reduction of the nitric 
oxide to nitrous oxide. If the directions below are followed a 
repetition of the experiment will be a rare occurrence. 

270 . —Sulphurous Acid and Nitrogen Peroxide. F. 

A small excess of sulphurous acid is poured into a cylinder of 
nitrogen peroxide: sulphuric acid and nitric oxide are produced. 

To a loo-c.c. stoppered cylinder filled with nitrogen peroxide 
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add 4 c.c. of a half-saturated solution of sulphur dioxide. Run the 
liquid round the sides of the cylinder for a few seconds: the brown 
gas entirely disappears. The class believe the remaining gas to be 
either nitrogen or nitric oxide. If the cylinder is still warm, cool 
it in running water. Now hold the cylinder against a white back¬ 
ground and remove the stopper for a moment. The atmosphere of 
the cylinder becomes brown, thus showing the first action to be 

H2S03+N02-H2S04 + N0 

Postpone testing the liquid for sulphuric acid and proceed with 
the next experiment. 

Expt. 271.—The Mechanism of a Catalytic Reaction revealed. F. 

Agitate the contents of the cylinder of Expt. 270 for a few seconds 
until the brown gas has disappeared. (If the brown gas does not 
disappear it is obvious that no sulphurous acid is left. In this 
contingency repeat Expt. 270 with a fresh cylinder of nitrogen 
peroxide and use more sulphurous acid than before.) Once more 
momentarily remove the stopper and re-form the brown gas. The 
operations of re-forming and decomposing the brown gas may 
be repeated successfully several times. During each operation 
oxygen is taken in at the mouth of the cylinder and conveyed, 
in the form of nitrogen peroxide, to the sulphurous acid at 
the bottom, the oxygen-absorbing nitric oxide being re-formed. 
Thus is revealed the mechanism of that kind of catalysis which 
consists of the continuous formation and decomposition of an 
intermediate product. Incidentally it may be mentioned that 
C. N. Hinshelwood has pointed out that the catalysis consists of 
the replacement of one slow action—viz. 

HjiSOa+O^HaSO^ 

—by two rapid ones: 

H3SO3 +NOg -HgSO^ +NO 

and 

2N0+0g=2N0g 

The class readily apprehend that with a suitable array of taps 
Euid tubes the spent sulphurous acid could be replenished, the 
sulphuric acid drawn off, and air admitted without a wasteful 
expulsion of the brown gas. 

Sulphuric add must now be numbered among the chemicals 
inside the lead chamber, and its behaviour towards the gaseous 
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reactants must be considered. Oxygen, nitrogen, nitric oxide, and 
sulphur dioxide have all been dried in previous experiments by 
passage through sulphuric acid—sufficient indication of their 
inertness. The behaviour of nitrogen peroxide towards sulphuric 
acid is unknown. The class, although assuming that no action will 
take place, having accepted the principle (p. 197) of doubting 
everything once, decide that the action shall be tried. 

Expt. 272.—Sulphuric Acid and Nitrogen Peroxide 

Sulphuric acid is agitated with a confined volume of nitrogen 
peroxide. The gas dissolves and a vacuum is produced in the 
cylinder. On diluting the ' nitrated sulphuric acid ' the brown gas 
is released. 

To a loo-c.c. stoppered cylinder filled with nitrogen peroxide add 
5 c.c. of concentrated sulphuric acid. If the acid is run round the 
walls of the cylinder the brown gas will disappear in less than a 
minute. What has happened ? Oxidation of sulphuric acid does 
not seem feasible in view of Expt. 267, where oxidation of sulphur 
dioxide under catalytic agency produced sulphur trioxide. If the 
gas has merely dissolved in the acid, a partial vacuum should exist 
in the cylinder. Let a pupil remove the stopper. Resistance to 
the removal is experienced, and in the quiet room the inrush of air 
can often be distinctly heard. The solution of the nitrogen peroxide 
seems inimical to the manufacturing process, becau^ the acid is 
contaminated and the catalyst removed from its sphere of activity. 

Pour the ' nitrated acid '—give the name—into a test-tube so 
that its * water-white ' colour may be seen and its volume noted. 
In a second test-tube place a volume of water double that of the 
nitrated acid. Now pour the water into a large dry flask, stand the 
flask against a white background and add the nitrated acid. Im¬ 
mediately, or on gently shaking the liquid, the brown gas appears 
and fills the flask. Cork the flask and place it in the fume cupboard. 
Therefore a solution, approximately 50 per cent, sulphuric acid by 
weight, will not dissolve nitrogen peroxide. If time allows repeat 
the experiment using a different quantity, say i or 3 volumes of 
water; again the gas is liberated. The limiting strength, 70 
per cent., of acid could easily be found, but the process is time- 
consuming. Inform the class of the limiting value and of the 
industrial practice of drawing off the acid when the concentration 
is 68 per cent.—chamber acid. 
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Argument.—The question arises: Is the nitrated acid a physical 
or chemical solution ? Discuss this with the class. Expt. 272 seems 
to point to physical solution ; against this there is the absence 
of colour. Call attention to aqueous solutions of 
common salt and copper sulphate. The solids impart 
their colour to the liquid. Exhibit a bottle half¬ 
full of bromine water in contact with bromine. 

The colour of the aqueous solution is deeper than 
that of the gas above it. (Actually about 4 gm.— 
i,e, 600 c.c.—of gaseous bromine dissolve in 100 c.c. 
of water. The tint of the solution is therefore 6 
times that of the gas.) 100 c.c. of bromine water 
contain approximately i c.c. of bromine. The tint 
of bromine itself should therefore be 100 times 
deeper than that of the solution. Actually, to the 
class, the deep red-brown bromine appears almost 
black. Returning to Expt. 272; 120 c.c. of brown 
gas dissolved in 5 c.c. of sulphuric acid produced 
a colourless solution, not one 24 times as brown as 
the undissolved gas. In Expt. 272, 5 c.c.—that is, 
approximately, 10 gm.—of sulphuric acid were 
used with only o*2 gm. of nitrogen peroxide. The 
suggestion is made that the experiment should be 
repeated, using more comparable quantities. 

Expt. 273.—Formation of Chamber Crystals 
(Nitrosyl Hydrogen Sulphate) 

Remove the stopper from a cylinder of nitrogen 
peroxide, slant the cylinder, and, using a pipette, 
run on the side of the cylinder 3-5 drops of sulphuric 
acid. Frequently crystallisation sets in immedi¬ 
ately, and as the acid runs down it leaves a white chalk-like line 
behind it. The growth of the crystals goes on for some time. 
Occasionally the beginning of crystallisation is sluggish, being 
delayed 5-20 minutes. In such an event, keep the cylinder tightly 
stoppered until the next lesson. Large star-like masses often appear, 
especially after standing an hour, individual crystals being 1-3 cm. 
long. Chemical action has manifestly taken place. Give the 
industrial and chemical name of the crystals. The name nitrosyl 
hydrogen sulphate will not be too obscure to a class accustomed to 
cdl the substance of the * brown ring ' nitrosyl ferrous sulphate. 
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Blow out any remaining brown gas by means of small hand- 
bellows. Now add a few c.c. of water to the cylinder. The crystals 
react with effervescence and the brown gas appears. Show that 
the liquid is a solution of sulphuric acid. 

If a hood or fume cupboard is conveniently situated, this 
experiment may be done as follows:— 

Place i~2 c.c. of sulphuric acid in a test-tube and pass in a fast 
stream of nitrogen peroxide. The gas is rapidly absorbed and the 
liquid gets hot. In a few minutes, when it is obvious that the gas 
is no longer absorbed, cool the tube. The contents solidify to a 
pale yellow solid. Fuse the solid again and run the liquid all over 
the inside of the tube. Crystals appear on cooling. 

HjSO^ + 2NO2 -N0-H-S04 + HNO3 

Ezpt. 274.—The Crystals formed in Expts. 269 and 273 are identical 
in Composition. F. 

The cylinder reserved from Expt. 269 should be passed round and 
the crystals compared with those of Expt. 273. Their identity 
from outward appearance is obvious. If the formula of nitrosyl 
hydrogen sulphate, N0*H*S04, has been given, and the pupils are 
asked to look at the formulae (SOg + HNOg) of the reactants of 
Expt. 269 as though solving a puzzle, they will soon see that these 
reactants could form nitrosyl hydrogen sulphate by direct union. 
Expel the brown gas from the cylinder and test the crystals as in 
Expt. 272, and so establish their identity with those of Expt. 273. 
Expt. 272 has made clear the chemistry of Gay-Lussac's Tower, 
and with the aid of charts and pictures of the towers and chambers 
the actual industrial process becomes easy of exposition. 

Expt. 275 (a).—The Reaction in Glover’s Tower. F. 

A mixture of nitrated sulphuric acid and chamber acid is stable 
but interacts with sulphur dioxide, forming concentrated sulphuric 
acid and liberating nitric oxide. The reaction may be represented 
by the equation below, where for simplicity the two acids have been 
given an empirical and informative expression; 

(H,S04 -f HgO) + (HgS04 -f NOg) + SOg = 3HgS04 + NO 

Agitate for one minute a loo-c.c. stoppered cylinder of nitrogen 
peroxide with 5 c.c. of concentrated sulphuric acid. To the clear 
liquid add 5 c.c. of chamber acid (for preparation see p. 237). No 
action appears to take place. Pour the mixture into a loo-c.c. 
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cylinder full of sulphur dioxide. Tell the class that the reagents 
in the cylinder are those meeting in Glover's Tower, where the 
temperature is high and action takes place rapidly. The reagents 
in our cylinder are cold, therefore we affix a label and put the 
cylinder away until the next class meeting. Open the cylinder, the 
gas in it immediately goes brown. Sometimes the cylinder is so 
full of nitric oxide that air cannot enter and accordingly little brown 
fumes are seen. Blow gently into the cylinder with a hand-bellows, 
the tube immediately becomes full of brown fumes. Tests by 
smelling and trying the action of potassium dichromate paper show 
that the sulphur dioxide has entirely disappeared. Not infrequently 
on opening the cylinder nitrosyl hydrogen sulphate suddenly appears 
and coats the walls. 

The Violet Acid (H2S04*N0 or SOg-NHg).—An unstable inter¬ 
mediate compound of a deep and beautiful violet-colour invariably 
appears at some stage of the experiment. This so-called purple or 
violet acid is well known to those chemists who have striven to 
elucidate the mechanism of the lead chamber process. Yet the 
composition of the substance and its r 61 e in the reaction have 
long been a matter of controversy and are still unknown. Some¬ 
times the substance appears on the surface of the mixed acids as 
a deep violet band which slowly spreads through the entire liquid. 
Sometimes the violet-colour appears suddenly when the cylinder is 
opened. When the violet-colour persists in the final liquid it can 
be removed by shaking. The appearance of this strikingly beautiful 
compound and the information that its analysis has hitherto defied 
experienced chemists always fascinate students, who invariably 
desire to make suggestions for the solution of the problem. 

♦ ♦ ♦ ♦ 

The prolonged researches of Bed on the catalytic oxidation of 
sulphurous acid by means of the oxides of nitrogen (see Trans. 
Amer. Inst, Chem. Eng., 1935, 31 , 193)—published after the above 
paragraph was written and while this book was in the press—have 
changed our ideas on the mechanism of the lead chamber process 
and promise to revolutionise the industrial procedure. The 
reactions given below, taking place simultaneously but expressed 
for clarity in steps, indicate the catalytic cycle leading to the 
formation of sulphuric acid. It should be noted that Bed concludes 

15 
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from his investigations that for economy and efficiency the lead 
chamber process ought to be worked under pressures greater than 
atmospheric. 

Reaction i:—Formation of nitrosyl hydrogen sulphate. Sulphur 
dioxide, water, air, and the oxides of nitrogen interact at the gas- 
hquid interface. 

4SO2 + 2H2O + O2 + 4NO2 = 4N0-H-S04 

Reaction 2 :—Formation of the violet acid (H2S04-N0). Nitrosyl 
hydrogen sulphate in conjunction with water oxidises sulphurous 
acid to sulphuric acid and is itself reduced to the violet acid. 

2N0-H-S04 + 2H2O + SO2 - H2SO4 + 2H2S04-N0 

Reaction 3 :—Decomposition of the violet acid. 

H 2 S 04 *N 0 = H 2 S 04 hNO 

Reaction 4 :—Atmospheric oxidation of nitric oxide. 

Reaction 5 :—Oxidation of the violet acid. 

2 H 2 S 04 -N 0 + NO2 = 2 N 0 -H-S 04 + NO + HgO 

This reaction goes on where the brown gas is in excess and re-forms 
two of the reactants of the catalytic cycle. These five main re¬ 
actions are to a certain extent accompanied by subsidiary reactions, 
thus: 

Reaction 6:—HgSOg + NOg = H2SO4 -1- NO. 

Reaction 7 :—HgSOg-f-NOg ==H2S04*N0. 

In accord with Berl’s theory the r 61 c of the violet acid as a short¬ 
lived intermediate compound in the catatytic oxidation assumes an 
importance hitherto unsuspected. Consequently, for the successful 
working of the lead chamber process it is essential to find the 
conditions favouring the formation and rapid decomposition of this 
acid. I have therefore devised the following sequence of experiments 
and have made them an extension of Expt. 275 («). 

£xpt. 275 (b).—The Lead Chamber Reaction Cycle. F. 

In the illustrative experiment the equilibrium mixture 
2NO2 N2O4, for brevity called the brown gas, is prepared by the 
action of moist sulphur dioxide on nitric acid. 

2HNO3 + SO2 = H2SO4 + N2O4 

By the further action of moist sulphur dioxide nitrosyl hydrogen 
sulphate is successively formed and reduced to the violet acid the 
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decomposition of which affords nitric oxide. The brown gas is 
re-formed by admitting air or oxygen into the preparation vessel. 
The brown gas in turn oxidises the still undecomposed portion of 
the violet acid to nitrosyl hydrogen sulphate, liberates nitric oxide, 
and thus completes the cycle of reactions. For the following reasons 
I attribute the formation of nitrosyl hydrogen sulphate under the 
conditions of the lecture experiment to the reaction : 

3NO2 + H2O + 2SO2 - 2 N 0 -H-S 04 4 - NO 

Air, being all swept out of the flask by the sulphur dioxide, cannot 
take part in the reaction ; the brown gas disappears when sulphur 
dioxide is in excess, yet nitric oxide can always be detected by 
admitting air into the preparation flask. 

Add 5 c.c. of concentrated sulphuric acid to 10 c.c. of nitric acid 
{d 1*42). Cool the mixture, then pour it into a large (say 400-c.c.) 
Drechsel bottle or other suitable reaction vessel (such as a Wurtz 
flask closed with a one-holed cork carrying a delivery tube). Rotate 
the bottle so that the entire inside surface is wetted with the liquid : 
now pour out and drain away all liquid not adhering to the walls of 
the bottle. Connect the delivery tube of the Drechsel to a siphon 
of sulphur dioxide and the exit tube to a gas-trap charged with 
concentrated ammonia. Place a wash-bottle containing a small 
quantity of water (not sulphuric acid) between the Drechsel and the 
siphon of sulphur dioxide. The water is needed to provide the 
hydrogen for the formation of the violet acid (Reaction 2), and 
bubbling sulphur dioxide through its aqueous solution in this way 
seems to provide just the requisite amount of moisture. Adjust 
the valve of the siphon to give a brisk stream of sulphur dioxide. 
In about 60 seconds the brown gas begins to appear inside the 
Drechsel bottle, and in about 3 or 4 minutes the bottle is full of this 
gas. Soon afterwards nitrosyl hydrogen sulphate in the form of 
white crystalline flakes of uniform size makes its appearance at the 
bottom of the jar where the sulphur dioxide is in excess. The mass 
of crystals grows and soon entirely covers the inside of the bottle. 
At this stage pass in the sulphur dioxide as fast as safely possible. 
The white crystals change to violet drops of an effervescing liquid. 
The change again begins at the base of the bottle, where a well- 
defined violet zone develops. The violet zone gradually and 
regularly increases until it reaches the top of the bottle. Sometimes 
in the course of the experiment the formation of the nitrosyl 
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hydrogen sulphate is immediately followed by its reduction to the 
violet acid. When this happens a white band of crystals ascends the 
bottle, to be followed immediately by the violet zone. The action 
is a spectacular and illuminating illustration of the mechanism of 
catalysis; for both acids here function as short-lived intermediate 
compounds. 

Now reduce the rate of flow of the sulphur dioxide until it is 
only just suflicient to keep the ammonia in the trap from beating 
back into the reaction vessel. Detach the wash-bottle and siphon 
from the apparatus and join a hand-bellows or an oxygen supply to 
the inlet tube of the reaction flask. Pass in air or oxygen. A brown 
gas appears, indicating the presence of nitric oxide—formed in Re¬ 
actions 3 and 5. In a few seconds the brown gas and the violet acid 
disappear, and suddenly white flakes of nitrosyl hydrogen sulphate 
crystallise all over the flask—Reaction 5. At this stage detach the 
oxygen supply, replace the siphon and wash-bottle and turn on the 
stream of sulphur dioxide. The white crystals disappear and are 
once more succeeded by the violet acid. The above oxidation and 
reduction may be repeated time after time, thus illustrating the 
cycle of reactions promoting the formation of sulphuric acid. For, 
according to Berl, nitrosyl hydrogen sulphate and the violet acid 
* constitute the axis about which the lead chamber process revolves.* 

Expt. 275 (c).—The Stability of Nitrosyl Hydrogen Sulphate. F. 

Nitrosyl hydrogen sulphate when cold and in the absence of water 
is unable to oxidise sulphurous acid. 

Prepare nitrated sulphuric acid by shaking for a minute 5 c.c. of 
concentrated sulphuric acid in 100 c.c. of nitrogen peroxide. Now 
add to the nitrated acid 5 c.c. of 70 per cent, sulphuric acid (chamber 
strength). Cool the mixture and place it in a Drechsel bottle. 
Connect the bottle to a siphon of sulphur dioxide and arrange to 
trap any excess of this gas by Ware's device (fig. 47). Pass a stream 
of sulphur dioxide for 5-15 minutes. No evolution of brown gas 
occurs and no change whatever is observable. Transfer the liquid 
to a small flask and heat it. When the temperature reaches the 
neighbourhood of 100° the liquid turns deep violet, effervesces, and 
then becomes colourless again. This experiment reveals the in¬ 
ability of nitrosyl hydrogen sulphate, in the cold and in the absence 
of water, to oxidise sulphurous acid, and emphasises the necessity for 
studying the conditions for the effectual working of Glover's Tower. 
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Expt. 275 (d).—A Solution of the Violet Acid. F. 

Prepare 5 c.c. of nitrated sulphuric acid as in (c), but this time add 
to it 10 c.c. of acid of chamber strength. Cool the mixture, place it 
in a Drechsel bottle, and connect it to a siphon of sulphur dioxide 
as before. Pass in a rapid stream of sulphur dioxide for a minute 
or so to saturate the liquid, and adjust the valve of the siphon to 
give a slow stream. In i~io minutes a violet zone appears on the 
surface of the liquid. Rush the sulphur dioxide for a minute to show 
that this procedure decomposes the violet compound. Now slacken 
the stream again. Soon (2-15 minutes) the whole of the liquid in 
the bottle becomes of a deep violet colour. (The tint of a specimen 
kept in the preparation vessel gradually pales, but is still perceptible 
at the end of 24 hours.) Shake violently a portion of the freshly 
made liquid : effervescence takes place and the liquid goes colourless. 
Warm another portion in a small flask or test-tube: a colourless 
gas is evolved which goes brown on meeting the air. Pour another 
portion of the violet liquid into water: the violet colour disappears. 

Experiments (c) and (d) have for clarity been described separately, 
but they are with advantage carried out as one operation by joining 
the Drechsels in series to the siphon of sulphur dioxide. 

The Sulphates and Connected Chemistry: Note.—The study of 
sulphuric acid should be rounded off by expounding the industrial 
application of its properties and by giving some account of the more 
important synthetical and naturally occurring sulphates. Much 
chemistry branches off from this study and connecting links every¬ 
where appear. 

For instance, the thermal decomposition of green vitriol not only 
possesses historic interest, but the result suggests a summing up 
of the general behaviour of the oxy-salts on heating. Thus, the 
thermal decomposition of carbonates and nitrates are brought into 
one greater generalisation. 

Again, the ability of sulphuric acid of combining with normal 
sulphates, illustrated by the formation of potassium hydrogen 
sulphate, leads to the conception of an acid salt and basicity ; while 
the application of acid salt formation in the production of super¬ 
phosphate consumes more manufactured sulphuric acid than any 
other industrial process. 

If possible, a collection should be made of the naturally occurring 
sulphides and sulphates. Anglesite (PbSO^) occurs in several 
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places in England, while specimens of heavy spar and the several 
varieties of calcium sulphate are easily obtained. Thus, once again 
chemistry is linked up with mineralogy, giving a start to a pupil 
who has a pull in that direction. 

Plenty of scope is afforded to those who favour the historical 
method. The winning of metals from galena, pyrites, anglesite, and 
other ores of high density, and the failure, from the Middle Ages 
to the time of Davy, to extract a metal from heavy spar, add 
fascination to the subject. The preparation of barium oxide from 
heavy spar leads directly to the study of hydrogen peroxide and the 
metallic peroxides. Thus, although not too obvious here, where 
the experiments are given unaccompanied by the subject-matter 
of the lessons, continuity is secured and the connection between 
the various facts shown. 

The Thermal Decomposition of Green Vitriol: Note. L. J. Gay- 
Lussac, 1807.—Green vitriol is the only metallic sulphate whose 
thermal decomposition can be studied in a hard-glass tube ; other 
sulphates break up at too high a temperature. 

The destructive distillation, affording ‘oil of vitriol,' is of historic 
as well as industrial importance. To avoid fracturing the hard-glass 
tube, and to get the experiment done in the lesson period, it is advis¬ 
able to have ready almost completely dehydrated ferrous sulphate. 
Incidentally, the destructive distillation of this product more 
closely simulates the industrial process. Again, in order to obtain 
a good specimen of the solid residue, it is advisable to spread a thin 
layer of anhydrous ferrous sulphate on a piece of thin porcelain— 
a fragment of a basin—and heat it strongly until action ceases. 

Expt. 276 .—Destructive Distillation of Green Vitriol 

Heat a few grams of green vitriol in a test-tube. Steam issues 
in torrents and the anhydrous salt, of the colour of Portland stone, 
remains in the tube. 

About one-quarter fill a small hard-glass test-tube, say 6 x| in., 
with dehydrated, or almost completely dehydrated, ferrous sulphate. 
Insert a one-holed cork carrying a right-angled delivery tube, and 
clamp the hard-glass tube for heating. 

Heat the tube gently at first, then fiercely, using two good Bunsen 
flames. A white fuming gas is evolved. Let the class file by and 
sample its odour. The gas is usually recognised as sulphur trioxide, 
and the presence of sulphur dioxide is likewise noticed. Now for 
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a few minutes pass the gases into a small volume, c.c., of water. 
The acidic liquid obtained decolorises bromine water and perman¬ 
ganate, but gives an immediate precipitate with a solution of barium 
chloride in hydrochloric acid. The liquid therefore contains 
sulphurous and sulphuric acids. 

Tap some of the solid residue out of the tube, or use the specially 
prepared product, and rub it on a piece of white paper, better to 
display the fine red colour. 

Now give some account of the industrial process. It should be 
noted that the pyritous shale used is exposed to the air for 3 years, 
by which time almost all the ferrous iron has been converted into 
the ferric state. Consequently the commercial product, Nord- 
hausen sulphuric acid, contains only a small amount of sulphurous 
acid. Despite the name, the centre of the industry seems to have 
been at Pilsen. 

Note on Salt Formation and Basicity. —Basicity is a barren 
stretch of elementary chemistry. The end of the study appears 
to be the establishment of the molecular weight of sulphuric acid 
by an entirely unsound argument—viz. that sulphuric acid forms 
only one acid salt: actually several are known. 

I have therefore developed this section on somewhat unusual lines. 
I have shown that the formation of acid salts is part of a general 
phenomenon embracing basic and double salts, and the conception 
of basicity a secondary point of minor importance arising out of 
this. Consequently the subject has been given a new orientation 
directed towards the investigation of the most important of all 
acid salts—superphosphate. 

Expt. 277 .— Formation of a Double Salt, F. 

Cold saturated solutions of ferrous sulphate and ammonium 
sulphate are mixed. A precipitate appears which is shown by 
analysis to be a distinct compound—^ferrous ammonium sulphate. 

Place solid ferrous sulphate in a mortar, add 30-50 c.c. of water, 
and let a pupil grind the salt until no more will dissolve. Make a 
cold saturated solution of ammonium sulphate, in a similar way, 
in a second mortar. Filter the solutions. The pupils expect 
nothing to happen when the solutions are mixed. They are aware 
that two salts can interact by metathesis and form two different 
salts, but that here such an action is precluded. In a thick-glass 
cylinder, or a boiling tube, pour carefully an equal volume of each 
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of the solutions. Usually nothing happens. Now scratch the 
inside of the tube with a glass rod. Crystallisation immediately 
begins and glistening crystals fall rapidly. Drain off the liquid 
and allow it to stand—larger crystals usually form. Throw the 
precipitate on a filter and wash it once with water. Take portions 
of the product and apply tests for ferrous, sulphate, and ammonium 
ions. The tests show that the three radicals are present as main 
constituents. If large crystals of the three salts can be obtained, 
it will be quite obvious from an inspection of these that this new 
product is a distinct compound. Otherwise, rely on the solubility test. 
Point out what a definite and useful property solubility is, and how, 
by a mere determination of solubility, a substance can be identified. 
We have already seen that the new product is less soluble than either 
ferrous or ammonium sulphate in water containing these salts. Let 
us investigate their relative solubility in water. Place in separate 
test-tubes 5 gm. of hydrated ferrous sulphate, ammonium sulphate, 
and the new product, each in fine powder. To each tube add 10 c.c. 
of water. Cork the tubes and agitate the contents. The ferrous 
and ammonium sulphate soon completely dissolve ; the new pro¬ 
duct does not entirely dissolve even on long shaking. (The solu¬ 
bilities at 15° are FeS04’7H20 = 70; FeS04(NH4)2S04-6H20 = 29; 
(NH4)2 vS 04 = 74-5.) The new product is therefore a distinct sub¬ 
stance, having a solubility of its own, the two simple salts having 
combined to form a double salt. 

Formation of a Basic Salt (CuS04-3Cu(0H)2).—A suspension of 
moist, freshly prepared copper hydroxide is poured into a boiling 
solution of copper sulphate. The reactants instantly unite to form 
green basic copper sulphate. The precipitate settles and pure water 
is left. 

CUSO 4 +3Cu(0H)2-CuS04-3Cu(0H)a 

For the experiment to be successful, the stable crystalline form of 
copper hydroxide should be used, freshly prepared and still moist. 
The preparation, which is quite easy, should be done in the lesson or 
just before. 

Preparation of Stable Cupric Hydroxide, —A crystalline basic 
copper sulphate is formed and then decomposed in the cold with a 
solution of sodium or potassium hydroxide. 

The basic salt formed, CuS04’3Cu(0H)2-H20, has the composition 
of the naturally occurring brochantite. Accordingly, three molar 
weights of copper hydroxide are required for one of copper sulphate. 
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The simplest procedure, therefore, is to convert completely 3 volumes 
of standard solution of copper sulphate into copper hydroxide, when 
the product will react quantitatively with i volume of the standard 
solution. Prepare a o*5M solution— i.e. I2*5 gm. of CuS04*5H20 
per 100 c.c. Use 20 c.c, of this for the copper sulphate and 61-62 
c.c. (a small excess for losses in washing the precipitates) for the 
preparation of the hydroxide. 

Place the desired quantity of copper sulphate solution in a beaker 
and bring the liquid to the boil. Add a dilute solution of ammonia 
in small portions until the copper is completely precipitated. This 
point is easily ascertained, for, on removing the beaker from the 
source of heat, the green crystalline basic salt settles immediately, 
leaving a colourless liquid. A small excess of ammonia may be 
added, and detected by its odour, or by the pale blue solution it 
produces. Wash the basic salt 2 or 3 times by decantation with 
hot water. Now cover the basic salt with a cold solution of caustic 
soda 2-3N. Allow the mixture to stand 5 minutes, occasionally 
stirring it thoroughly with a glass rod. The crystalline basic salt 
changes to crystalline hydroxide. Wash the hydroxide a few times 
with cold water; it may then be safely washed with hot water 
without the occurrence of any blackening. Keep the hydroxide 
under water, 

Expt. 278 .—Preparation of Basic Copper Sulphate. F. 

Place 20 c.c. of the aforementioned copper sulphate solution in 
a beaker, dilute to about 50 c.c., and bring the liquid to the boil. 
Place the hydroxide in about 20 c.c. of water in a flask, and make 
it into a cream. Pour the suspension slowly into the boiling 
solution of the copper sulphate. As the blue hydroxide enters 
the liquid a green, insoluble product is formed. Filter ; a colourless 
liquid runs through which contains neither copper nor sulphate, 
and is obviously water. Both the hydroxide and normal salt have 
therefore disappeared chemically and in their place we have water 
and the green product. The green product is therefore a compound 
of copper hydroxide and copper sulphate and is called basic copper 
sulphate. Treat the basic salt with dilute sulphuric acid ; a blue 
solution of copper sulphate is formed. 

Again, it should be noted that a base acting on a salt usually 
forms a different base and a different salt. Such a metathesis is 
here precluded, and direct union occurs instead. 
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Expt. 279.—Preparation of Normal and Acid Potassium Sulphate 

(a) The Normal Salt 

Have ready in a burette a solution of potassium hydroxide, 
2~3N (ii-2-i6‘8 gm. per loo cx.), and in a second burette a stronger 
solution—say 8-12—of sulphuric acid. Do not use caustic soda 
for this experiment, because it forms a hydrated salt, which in¬ 
troduces a complication. 

Run 25 c.c. of the caustic potash into a flask, add one drop of 
indicator and run in sulphuric acid until the base is neutralised. 
Make a record of the volume of acid used. The flask now contains 
a solution of the salt, potassium sulphate. Call this the normal 
way of making a salt. Pour the solution into a beaker ; boil the 
liquid till about one-third has evaporated and allow the solution 
to crystallise. 

(b) Preparation of Potassium Hydrogen Sulphate 

As before, run into a flask 25 c.c. of the caustic potash solution 
and add the equivalent volume of sulphuric acid. The solution 
is now neutral. Add another equivalent of the acid solution, then 
a third, then an indefinite amount, say half an equivalent. Let 
the problem be to ascertain whether the normal salt will form in 
the presence of excess acid. As before, evaporate the solution 
until crystallisation sets in. The crystals are, for the time being, 
known to the class as the * salt from the acid solution.' 

Note. —Potassium hydrogen sulphate will crystallise out only 
of a solution which is above a limiting acidity. If to a neutral 
solution of potassium sulphate one equivalent of acid is added and 
the solution concentrated, normal potassium sulphate will crystallise 
out until the limiting concentration is reached. Hence 2 or 3 
equivalents of acid are added to ensure the separation of the acid 
salt. 

It is advisable to start the preparation'of the potassium sulphates, 
get the crystals to separate in the lesson period and then begin 
Expts. 277 and 278. During the next lesson or two, while these 
experiments are being done, the crystals may be separated, dried 
in the air, and made ready for investigation. 

Potassium hydrogen sulphate is dimorphous and separates either 
as needles or rhombic plates. For purposes of comparison the 
needle crystals are the more desirable form. They are the less 
stable form and seem to separate only from a hot solution. On 
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standing in the preparation liquor for a few days they pass over 
into rhombic plates. 

Expt. 280.—Examination of the Sulphates of Potassium, F. 

In this description the actual names of the salts are used for the 
sake of clearness, but to the class the following problem awaits 
solution: Is the product from the acid solution identical with the 
normally made salt? 

Pass the salts round for examination. If the crystallisation 
has been slow, the compact, quartz-like crystals of normal potassium 
sulphate are quite distinct in appearance from the needles of the 
acid salt. 

Weigh out I gm. of each salt and powder it finely. Place each 
salt in a test-tube and to each add 5 c.c. of water. Let two pupils, 
as in a competition, shake the mixtures and endeavour to bring 
the salts into solution. The acid salt entirely dissolves in less than 
one minute. The normal salt refuses to dissolve completely, despite 
much shaking by a succession of pupils, (i gm. of KgSO^ 
dissolves in 10 c.c. of water at room temperature and i gm. of 
KHSO4 in 2 c.c.) Test the solutions with a sensitive dye. 

The two salts therefore have different solubilities. Dilate on 
the importance of solubility as a distinct property of a substance. 
This test alone is sufficient to indicate that the two salts are not 
identical. 

Finally, place some of the normal salt in a dry test-tube and 
heat it in an almost luminous Bunsen flame. If the crystals are 
large, they decrepitate until reduced to powder, otherwise the 
salt is unchanged at the temperature used. Place the acid salt 
in a dry test-tube and heat it in exactly the same flame. The 
salt (m.p. 197° C.) easily and rapidly melts to a colourless liquid. 
Again the test is a crucial one. Heat the liquid more strongly ; 
water and sulphur trioxide are evolved and recognised. In other 
words, the crystals are parting with sulphuric acid. The complete 
decomposition of the acid salt by heat is a tedious and unpleasant 
lecture experiment. It may be done in the laboratory by the class, 
the material being supported on a platinum wire. Enough has 
been done to show that the salts are not identical, and the class 
readily apprehend that the needle crystals are potassium sulphate 
combined with sulphuric acid. Now give the names and sum up 
the knowledge of salt formation and expound the conception of 
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basicity. Recall acid salts met in the course of study, such as 
sodium and calcium bicarbonates, and, if time allows, make potassium 
hydrogen tartrate. 

Expt. 281 .—Formation of Potassium Hydrogen Tartrate. F. 

Have ready equivalent solutions of tartaric acid and potassium 
hydroxide. A strength of zN is suitable—viz. i6*8 gm. of tartaric 
acid in loo c.c. and ii‘2 gm. of KOH per loo c.c. 

Place 20 c.c. of the caustic potash in a flask, add a drop of phenol 
phthalein as indicator, and run in the equivalent quantity of tartaric 
acid from a burette. 

The flask now contains a solution of potassium tartrate. Run 
in more tartaric acid. A crystalline precipitate appears immedi¬ 
ately ; if not, shake the contents of the flask. 

The precipitate is potassium hydrogen tartrate, whose formation 
constitutes the well-known reaction for potassium and tartrate 
radicals. Give this information. Continue to dilute the solution 
of caustic potash until it will no longer show the reaction for 
potassium, even when the liquid is well shaken or the tube scratched 
with a rod. Tell of the industrial preparation of this acid salt and 
of its use in baking-powders, effervescent salines and beverages. 

Expt. 282 .—Calcium Hydrogen Phosphate from Bones (Super¬ 
phosphate). F. 

Superphosphate was first made by J. Lawes in 1843. 

Bones are incinerated in a household fire. The bone ash is 
treated with sulphuric acid of chamber strength, and a dry non- 
deliquescent powder obtained. 

Ca3(P04)2 +2H2SO4 +4H2O =CaH4(P04)2 +2CaS04*2H20 

The solubility of the product in water is investigated qualitatively 
and compared with that of the original bone ash and with sodium 
phosphate. 

Ask some of the pupils to bring along bones which have been 
passed through the fire. An ordinary meat bone placed in one 
of the modem domestic boilers and removed the next day will 
retain its shape and be completely decarbonised. Select clean 
white portions of the bone ash and grind them to a fine powder. 

Weigh out 16 gm. of the powder and mix it with 1-2 gm. of 
powdered chalk, thus more closely simulating the industrial pro¬ 
cedure. The addition of chalk, with the consequent evolution of 
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gas, helps to keep the mass porous and facilitates the mixing. 
Place the mixture in a beaker and add gradually, with constant and 
vigorous stirring, 6*5 c.c. of chamber acid. (When chamber acid 
is not available, prepare a 70 per cent, sulphuric acid before the 
lesson, as follows: Place 40 c.c. of water in a flask and add gradually 
60 c.c. of ordinary concentrated sulphuric acid—here assumed to 
be of 95 per cent, strength.) 

The mixture becomes pasty and very hot, but before the end of 
the lesson settles down to a perfectly dry powder. Store it in a 
loosely covered vessel—this is to show that the product is not 
deliquescent, therefore contains no free sulphuric acid. The water 
of the diluted acid hydrates the calcium sulphate produced. 

Expt. 283 .—The Comparative Solubility of Superphosphate. F. 

Sodium phosphate, school-made superphosphate, and bone ash are 
agitated with water, and the filtered solutions tested for phosphate. 

To three stoppered cylinders or flasks. A, B, and C, add severally 
a few grams of sodium phosphate, the bone ash, and the school-made 
superphosphate of Expt. 282. Pour about 50 c.c. of distilled water 
into each cylinder and let three pupils agitate the contents for 
2 minutes. The sodium phosphate dissolves completely; the other 
solids seem quite insoluble. Filter the liquids into three boiling 
tubes. To each tube add the same volume of nitric acid and 
ammonium molybdate. (With a properly made solution of 
ammonium molybdate a precipitate forms in tubes A and C immedi¬ 
ately in the cold.) An abundant yellow precipitate appears in 
tube A and one scarcely less abundant in tube C, but the liquid 
in tube B remains perfectly clear even after being heated. Expound 
the significance of the result, pointing out the value of a sparingly 
soluble fertiliser and the wastefulness of a highly soluble one. 

If time permits it is more instructive to let the solids settle in 
the cylinders before filtering. Except for a small amount in the 
colloidal state the bone ash in cylinder B settles rapidly and 
occupies its original volume. But the superphosphate in C has so 
changed in appearance—the result of hydrolysis—that the alteration 
attracts attention. The substance, now a voluminous flocculent 
mass, takes many hours to settle, and seems to be of several times 
its original volume. This disintegrating action of the water 
furthers the dispersion of the superphosphate in the soil, and at the 
same time facilitates its solution in acid. 
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Heavy Spar and Witherite 

This lesson should begin with some account of the history of 
these minerals. Special reference should be made to the attempts, 
from the Middle Ages to the time of Davy, to win a metal from 
heavy spar. Various spars (the brackets enclose the density), 
fluorspar (3*1), calc-spar (2*6), felspar (2*5), should be displayed. Pass 
round a lump of heavy spar (4*5) and lumps, approximately of the 
same size, of witherite (4-3), marble (2*6), granite (2*6), quartz (27), 
flint (2*2). 

After this comparison the designation * heavy spar ' becomes 
self-explanatory. Now pass round galena (77), cinnabar (9*0), 
wolfram (7*9), angles!te (6*4), or other available ores of heavy 
metals ; heavy spar, although as heavy as many ores of iron, copper, 
and zinc, seems light in comparison with these minerals. 

Witherite being soluble in acids is easily converted into other 
barium salts, but the mineral is not abundant. Heavy spar, 
abundantly occurring and highly insoluble, must be converted into 
an acid-soluble compound before salts of barium can be prepared 
from it. 

Expt. 284 .—Reduction of Heavy Spar (Barium Nitrate prepared). F. 

Heavy spar, strongly heated with carbon, is reduced to barium 
sulphide. This salt is decoirkposed by water. 

2BaS +2H2O =Ba(SH)2 +Ba(OH)2 

The reduction may be done quite easily on the lecture bench; 
it takes about 10 minutes, using a big Bunsen burner and a Davies 
crucible furnace (fig. 70). 

Mix intimately a saltspoonful of precipitated barium sulphate 
(or heavy spar ground to an impalpable powder) with one and a 
half times its bulk of powdered starch. Meanwhile be warming up 
the furnace. Place the mixture in a porcelain crucible and stand 
the crucible in a Davies furnace. Heat the furnace as strongly as 
possible for 10 minutes. Lift the crucible from the furnace and, 
when it is sufiiciently cool, transfer a small portion of the reduced 
product to a flask containing boiling water. Hydrogen sulphide 
is instantly evolved and is revealed by lead acetate paper placed 
in the mouth of the flask. Dip a strip of red litmus-paper into the 
liquid in the flask ; the change ,of colour indicates the jH-esence of 
a metallic oxide in the solution. The flask therefore contains 
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soluble barium compounds from which the chloride, nitrate, and 
other salts are easily made. These salts need not be prepared in 
the lecture-room. 

A digression might be made at this point to recount the 
applications of the naturally 
occurring calcium sulphate, gyp¬ 
sum, as well as those of heavy 
spar. 

Its reduction, carried out as 
in the above experiment, yields 
calcium sulphide, from which 
hydrogen sulphide may be pre¬ 
pared and oxidised to sulphur, 
an emergency method adopted 
by those countries possessing 
ample gypsum but no free 
sulphur. The well-known appli¬ 
cations of gypsum in the manu¬ 
facture of plaster of Paris and 
of ammonium sulphate should of 
course be mentioned. 

Expt. 285.—Barium Oxide from 
Barium Nitrate 

Barium nitrate is strongly 
heated and thereby decomposed. 

The temperature of decomposi¬ 
tion is so high that the experi- Fig. 70.—Crucible Furnace. (Davies.) 
ment cannot be conveniently 

done in a glass tube as in the corresponding decompositions of the 
nitrates of calcium and lead. 

Clamp an iron spoon over a Bunsen burner. Place 1-2 gm. of 
powdered barium nitrate in the spoon. Heat the spoon from under¬ 
neath with a good Bunsen flame (fig. 71), and play directly on the 
salt with a second Bunsen burner, held in the hand, until no more 
fumes are evolved. Scrape out the product, boil with 50 c.c. of 
water, and filter from any iron oxide. Examine the properties of 
the solution as in Expt. 287. 

Witherite. —Witherite is notably an English mineral. Its 
chemical individuality was discovered by Dr Withering in 1781. 
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and the world’s only large deposit is in the Pennine Chain, near 
Hexham, in Northumberlandshire. The mineral was in former times 
mistaken for heavy spar, which it superficially resembles. The 
specimen analysed by Dr Withering came from a lead mine at 



Alston Moor, on the Cumberland side of the Pennines, and not 
from Leadhills, in Scotland, as stated in many text-books. For 
a brief account of the history of witherite, see C.iV., 1927, 135 , 

309- 

Expt. 286 .—Barium Oxide from Witherite. F. 

Witherite is reduced by carbon at high temperature. 

Note.—Witherite is only slowly decomposed at high temperature, 
variously given between 1450-1850° C. The thermal decomposition 
is therefore not a possible lecture experiment. The temperature of 
decomposition is lowered by the addition of carbon, possibly due 
to the formation and evolution of carbon monoxide. 

Use either precipitated barium carbonate, or witherite, ground to 
an impalpable powder. Mix a small quantity of the powder with 
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twice its bulk of flour and make the mixture into a paste with water. 
Suspend a ball of the paste of the size of a green pea on a thick 
platinum wire—a thin wire sags—or use a strand of twisted platinum 
wires, and heat it in the hottest portion of a Bunsen flame for 
5-10 minutes. The length of platinum wire and the sagging may. 
be reduced by stretching the wire across a pipe-clay triangle. When 
the flour has burnt away, remove the flame and show the hot glowing 
mass. As soon as the product is sufficiently cool, transfer it to a 
small flask. Add water and bring the contents to the boil. Show 
that the liquid is strongly alkaline, indicative of a metallic oxide in 
solution. The insoluble residue is better ignored ; it still contains 
barium carbonate. If it is tested for this, use the information to 
emphasise the difficulty of decomposing witherite. 

It should be noted that of the carbonates now examined—viz. 
NagCOg, BaCOg, CaCOg, PbCOg, CuCOg—the ease of decomposition 
corresponds to the position of the metal in the electro-chemical series. 

Expt. gp. 287.—Properties of Barium Oxide 

Shake i gm. of barium oxide with half a test-tube of water 
for a minute. Allow the contents to settle. The solid does not 
seem to have dissolved. Test the clear liquid with a strip of red 
litmus-paper; the presence of a metallic oxide in solution is disclosed. 
Barium oxide is therefore similar to hme, and is sparingly soluble. 

Prepare a larger quantity of baryta water in a small flask and 
filter portions of the solution as required. Let a pupil, with a long 
right-angled tube, breathe into the solution of barium oxide ; the 
liquid turns milky. Thus far, in colour, appearance while hot, 
solubility, action on litmus, and interaction with carbon dioxide, 
the properties of barium oxide closely resemble those of lime. 

Pour baryta water in one cylinder and hme water in another. 
To each add dilute sulphuric acid. The lime water, now a solution 
of calcium sulphate, remains clear; the baryta forms insoluble 
barium sulphate. 

Moisten barium oxide with concentrated hydrochloric acid, and, 
using a platinum wire or nickel spatula, convey some of the liquid 
to the flame. The green tint of barium chloride is seen. Perform 
a similar test with lime. 

The property of barium oxide of combining with oxygen is best 
omitted until the oxides of lead have been studied. The actual 

16 
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preparation of barium peroxide is not suitable for a lecture experi¬ 
ment. The time required to prepare a sufficient quantity of material 
is too long, and there is nothing to indicate visually that chemical 
action is taking place. Moreover, a similar action occurs in the 
formation of red lead, where the colour change is easily seen. 

Preparation of Massicot: Note. —Massicot has already (Expts. ii8 
and 209) been obtained by heating lead nitrate and lead carbonate. 
These experiments could easily be repeated on a small scale to 
refresh the pupils’ memory. In the laboratory the class could 
prepare massicot by the direct union of the elements and by the 
preparation and decomposition of lead hydroxide. It should be 
noted that the methods are of general application for preparing 
metallic oxides and that they all yield massicot. Since other oxides 
of lead are known, obtained by special means, and the general 
methods yield massicot, massicot would seem to be the stable oxide 
of lead. The reduction of lead oxide on charcoal should likewise 
be done in the laboratory by the class. 

Expt. 288.—Massicot shown to be a Basic Oxide 

Massicot is dissolved in dilute hydrochloric acid, and the easily 
recognised salt, lead chloride, is formed. 

Grind 2 gm. of massicot to a fine powder and place it in a flask 
with 100 c.c. of water. Add a few c.c. of dilute hydrochloric acid, 
say 10 c.c. of 4N-HCI. This is more than twice the requisite 
quantity of acid and expedites the solution of the massicot. How¬ 
ever, a large excess of acid should be avoided since lead chloride is 
not very soluble in dilute hydrochloric acid. Boil the liquid: the 
massicot entirely dissolves in about 10 minutes. Remove the flask 
to a wood block. In a few minutes over 2 gm. of lead chloride comes 
down, making a fine display of crystals. Decant off the liquid and 
redissolve the crystals in about 80 c.c. of hot water. Again the 
needle crystals appear as the liquid cools. The solubility in hot 
water and the comparatively insolubility in cold water are character¬ 
istic of the salt lead chloride. If time allows test the solution in 
cold water for lead and chloride. 

N.B. —2*2 gm. of PbO react with 5 c.c. of 4iV-HCl, forming 
2*8 gm. of PbClg, which dissolves in 80 c.c. of boiling water. 

Eaqpt, 289.—^Preparation of Red Lead. F. 

Oxygen is passed over massicot heated to 450 - 500 ° C.; red lead 
is formed by direct union. 
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This experiment, which has been successfully carried out for 
many years, is based on the work of J. Milbauer (1909-1914) and 
H. le Chatelier, 1897. The latter found the dissociation pressure of 
red lead to be as follows:— 

Temperature 455° C. 500° C. 555® C. 636° C. 

Pressure 5 mm. 60 mm. 183 mm. 763 mm. 

Since the partial pressure of the oxygen of the atmosphere is 
about 150 mm., red lead cannot be formed in the air above 550° C. 
The optimum temperature for the formation is variously given 
between 450-525° C. 

The apparatus used is shown in fig. 72. A is a tobacco tin. The 
lid has been replaced by a sheet of asbestos cardboard containing 
holes for the test-tube and 
the thermometer. Cover the 
side of the tin with asbestos 
cardboard and fasten it with 
iron wire. Leave the bottom 
of the tin unprotected. A 
sodium-potassium amalgam 
thermometer reading to 
600° C. is required. If such 
a thermometer is not at 
hand the temperature may 
be judged empirically. Two 
good-quality roaring Bunsen 
flames are required to raise 
and sustain the air inside the 
box to a temperature of 
450-500° C. Place 10 gm. 
of massicot in fine powder— 
prepared by heating lead carbonate—in a boiling tube fitted with 
a two-holed cork and tubes as shown. Place 3 inches of mercury 
in the small cylinder so that the oxygen is under pressure. Raise 
the temperature to 450-500° C. and pass a stream of oxygen from 
a cylinder of the compressed gas, for about 10 minutes. A mass of 
red lead of good colour is obtained. Since the class know that 
massicot contains only lead and oxygen, the red product must be 
an oxide of lead. 



Fig. 72.—Preparation of Red Lead. 
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£xpt. 290 (a).—Decomposition of Bed Lead and Barium Peroxide 

Red lead on heating is decomposed, yielding massicot and oxygen. 

Fill one-third of a hard-glass test-tube with red lead, attach a cork 
and delivery tube, and arrange to collect the evolved gas over water. 

Warm the tube, gently at first; call attention to the colour 
change which the red lead undergoes. Next heat the tube strongly 
and collect the evolved gas. Reject the first tubeful as air. Show 
the second tube to contain oxygen. Heat the red lead until action 
ceases. The residue in the tube is yellow massicot. The results 
show that the formation and decomposition of red lead is a reversible 
action (see Expt. 289). 

(b) Barium Peroxide. —At this stage tell of the corresponding 
formation of barium peroxide. Decompose barium peroxide as in 
(a) but use an ordinary test-tube, for a hard-glass tube is invariably 
ruined. Pure barium peroxide does not decompose briskly until a 
temperature approaching 800° C. is reached, but several metallic 
oxides catalyse the decomposition. The commercial article 
frequently contains these oxides, for specimens often decompose on 
the application of gentle heat. Introduce the term peroxide. For 
the time being this can be defined as a higher oxide which decom¬ 
poses on heating, yielding oxygen and a stable lower oxide. The 
puce-coloured oxide of lead is called lead dioxide and lead peroxide 
by different writers. There is no need to stress the academic 
distinction, which has not met with general acceptance, between a 
di- and a per-oxide. 

Expt. 291.—Red Lead and Nitric Acid 

Red lead is treated with hot dilute nitric acid. Lead peroxide 
and lead nitrate are obtained. 

Where the reaction is taken as part of an investigation the cus¬ 
tomary names should not be given until the products have been 
identified. The concentration and quantity of the nitric acid should 
be so arranged that lead nitrate separates out as soon as the liquid 
has somewhat cooled. 

In a small flask place 14 c.c. of water and 8 c.c. of nitric acid 
(d 1*42). Bring the liquid to the boil, remove the flame, and then 
add, sufficiently fast to keep the liquid boiling, 16 gm. of red lead 
in small portions. A chocolate-coloured insoluble powder appears. 
Direct attention to the absence of brown fumes ; the nitric acid is 
not, therefore, functioning as an oxidising agent. Filter immediately 
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and catch the filtrate in a small flask. White crystals soon separate 
from the filtrate. Drain oft the supernatant liquid and identify 
the white crystals as the salt, lead nitrate, in any desired way— e,g, 
by dry heating, or by making a solution and applying tests for lead 
and nitrate. 

The salt, lead nitrate, thus produced with absence of brown fumes, 
could be formed only by nitric acid functioning as an acid and inter¬ 
acting with basic lead oxide. Red lead therefore contains massicot. 

Wash the brown product thoroughly with hot water. This is 
best done by decantation so that the class can see the process. 

The brown solid is obviously not lead nitrate, but the class 
sometimes suggest that it might be an acid salt or another form of 
lead nitrate. The point is easily settled by trying the action of 
heat, but for this test the powder must be dry. Therefore dry the 
powder between the lessons. 

Expt. gp. 292 .—Effect of Heat upon Lead Dioxide 

The brown powder is heated gently, whereon oxygen is liberated. 
On more strongly heating, a residue of massicot remains. Red lead, as 
would be expected from Expt. 289, forms as an intermediate product. 

Note on the Thermal Decomposition of Lead Dioxide.—Lead 
dioxide decomposes appreciably at 290-320° C. without the formation 
of a definite compound; it affords PbgOg at 410-450° C., and small 
amounts of Pb304, and passes to massicot at 510-640° C. 

The ease with which it parts with oxygen is a rough indication 
of its potency as an oxidising agent. MnOg decomposes at 530° C., 
and pure BaOg at 797° C. 

{a) Heat gently in a small dry flask a few grams of lead dioxide 
(the brown product of Expt. 291). After a minute, test for oxygen. 
There is no need of a cork and delivery tube. 

{h) Place a small amount of lead peroxide in a test-tube (avoid an 
expensive hard-glass tube, which will be spoilt by the massicot 
fusing into the silicate) and heat until action ceases. Show the 
yellow basic oxide, massicot. 

(c) The intermediate formation of red lead. This is shown in a spec¬ 
tacular way by the following neat device (J. A. Mackenzie, 1909):— 

Take a sheet of asbestos paper, say 6 inches square, and rub 
lead dioxide over an area of the surface, say a circle of 3 inches 
diameter. Place the paper, the lead oxide on the uppermost side, 
horizontally in a Bunsen flame, the centre of the circle being just 
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above the tip of the blue. Heat for one minute. On removing the 
paper an inner circle of yellow massicot is seen, surrounded by a small 
band of red lead and a wider band of undecomposed lead dioxide. 
Do not use asbestos cardboard for the experiment, since a foot- 
blowpipe is required to obtain a temperature sufficiently high to 
penetrate the board. The experiment works excellently with 
ordinary asbestos paper. 

{d) The same experiment may easily be done as follows: Place 
a small amount of lead dioxide in a dry test-tube and rotate the tube 
so that the oxide is spread over the whole of the area of the lower 
half of the tube. Lead dioxide is usually slightly moist and will 
readily adhere to the wall of the tube ; if any difficulty is experienced 
in making it adhere, breathe into the tube. Place the end of the 
tube in the flame, to a depth of half an inch, and keep it quite still 
for one minute—or until the hot product at the base of the tube 
is brownish-orange in colour. Remove the tube from the flame. 
When the tube is cool, massicot is seen at the bottom, a ring of red 
lead above it, and lead peroxide beyond the red lead. The puce- 
coloured oxide of lead is therefore a peroxide. 

Composition of Red Lead: Argument.—We now go back to the 
action of nitric acid on red lead. The lead peroxide obtained was 
not the result of the oxidising action of nitric acid, for no brown 
fumes were evolved. In support of this, warm a few grams of red 
lead with dilute sulphuric acid, 4-6 N ; the insoluble brown powder 
appears. Lead peroxide is therefore a constituent of red lead. 
The formation of the salt, lead nitrate, shows that massicot is another 
constituent. Red lead is therefore (Pb0);r(Pb02)y. 

Note on Red Lead.—The composition of red lead may be found in 
the laboratory either by gravimetric or volumetric analysis. The 
result, however, is embarrassing. In my own experience the 
analysis invariably indicates a formula of Pb405. This I find is 
borne out by professional analysts, who report that commercial red 
lead usually contains about 26 per cent, of PbOg. Modern work 
seems to point to the existence of a series of solid solutions of PbO, 
PbOg ; one of which is Pb304. 

Ezpt. 293 .—Sulphur Dioxide oxidised Jjy Lead Dioxide 

Lead dioxide is heated in a stream of sulphur dioxide ; combina* 
tion of the oxides takes place and is accompanied by a bright glow, 
Pb02 + S 02 -PbS 04 
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Place a few grains of dry lead dioxide in an open combustion 
tube—a tube of soft glass is quite suitable. Connect one end of the 
combustion tube to an apparatus for supplying dry sulphur dioxide, 
such as the apparatus of Expt. 248, p. 202, or a siphon of liquid 
gas. First expel air from the tube with a stream of sulphur dioxide. 
and then heat the end of the lead dioxide nearer the supply of 
sulphur dioxide. A glow soon appears ; at once remove the flame 
and pass a rapid stream of gas. The glow spreads through the 
mass, which changes to white lead sulphate. 

Expt. 294.—Lead Peroxide and Sulphuric Acid 

In a small flask place a few grams of lead dioxide and moisten with 
concentrated sulphuric acid. Warm the flask gently for one minute 
and then test for oxygen. The gas comes off more easily than in 
the similar decomposition of manganese dioxide. 

Expt. 295.—Peroxides and Hydrochloric Acid. F. 

Barium peroxide, lead peroxide, and manganese dioxide are 
treated with dilute hydrochloric acid. Barium peroxide dissolves 
with no evolution of gas and affords an oxidising liquid. The 
others oxidise the acid and chlorine is evolved. 

Place the oxides severally in three flasks and to each add a few 
c.c. of dilute hydrochloric acid, 4~6N, Suspend a strip of moist 
red litmus-paper above each liquid. The lead peroxide, comparable 
to its ready decomposition by heat, reacts immediately and chlorine 
is evolved. The contents of the flask containing the manganese 
dioxide begin to emit chlorine after standing several minutes. 
Hasten the action if necessary, by gently warming the flask. The 
barium peroxide dissolves to a clear solution with no evolution of 
chlorine. 

N.B .—Commercial barium peroxide usually contains carbonate, 
and an effervescence is observed as soon as hydrochloric acid is 
added. Show that the gas is not chlorine and then test and identify 
it as carbon dioxide. 

Since barium peroxide does not oxidise the hydrochloric acid, 
or give off free oxygen, the extra oxygen must be still in solution. 
Have simmering in a small flask iron nails in dilute hydrochloric 
acid, to afford a supply of ferrous chloride. To a portion of the 
solution of barium peroxide add ferrous chloride solution. The 
mixture immediately turns to the yellow colour of ferric chloride. 
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Add caustic soda solution and precipitate ferric hydroxide. The 
test shows conclusively that barium peroxide dissolves in dilute 
acid and forms an oxidising solution. 

Expt. 296 .— Preparation of the Oxidising Liquid (Hydrogen Peroxide) 
from Barium Peroxide 

A quantity of dilute hydrochloric acid is saturated with barium 
peroxide. An amount of sulphuric acid is added exactly equivalent 
to the hydrochloric acid, and the precipitated^ barium sulphate 
removed. The hydrochloric acid is removed by the addition of 
lead carbonate in excess. The filtrate is found to contain the 
oxidising liquid free of every reagent used in its preparation, except 
water. 

Ba02+2HC1 =BaCl2 + 

BaCl2+H2S04 = BaS04+ 2HCI 
2HCI 4- PbCOa - PbClg + HgO + COg 

In the next experiment the oxidising liquid is decomposed into 
water and oxygen, thus revealing its composition. For effectual 
presentation and real appeal the preparation and decomposition of 
hydrogen peroxide should be shown in one lesson. With everything 
ready, it is just possible to do the two experiments in a lesson 
period of 45 minutes. 

Have ready burettes containing dilute hydrochloric and sulphuric 
acids, each about 4N, and before the lesson find what volumes of 
these solutions are equivalent. Also, have iron nails simmering 
in dilute hydrochloric acid in a small flask. Thus freshly prepared 
ferrous chloride is available for testing the hydrogen peroxide. 

Place 50 c.c. of 4iV-HCl in a roomy flask and add barium peroxide 
in small portions until the liquid is saturated—17 gm. of pure BaOg 
should sufhee ; have just over this quantity weighed out before¬ 
hand. The solution gets warm, but will not decompose while it 
is acidic. Nevertheless, cool it towards the end, otherwise the 
solution may suddenly decompose, for an excess of barium peroxide 
renders the liquid alkaline. The end point is quite easily detected 
because commercial barium peroxide invariably contains iron and, 
as soon as the liquid is alkaline, brown ferric hydroxide coats the 
small excess of barium peroxide. 

Pour off a drop or two of the liquid and add the ferrous chloride 
solution to it; a precipitate of ferric hydroxide immediately appears. 

Up to this point the class look upon the oxidising liquid as a 
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solution of barium peroxide. If this were so the liquid would be 
destroyed by removing the barium. Run in from a burette an 
amount of dilute sulphuric acid equivalent to the hydrochloric acid. 
Filter a few c.c., using a filter pump—and hard paper. Test a portion 
of the filtrate with dilute sulphuric acid to show that all the barium 
has been removed, and to the remaining portion add ferrous chloride. 
The oxidising liquid is found to be present; it therefore cannot 
be a compound of barium. 

Note.—Unless the lesson period is one of 50-60 minutes it is not 
advisable to attempt at this stage to filter off the whole of the 
barium sulphate—the process is too slow. Proceed with the next 
step, for the mixture of lead chloride and barium sulphate will 
filter more easily. 

Addition of silver nitrate to a portion of the filtrate shows that 
hydrochloric acid is still present, and methods are discussed for 
its effective removal. Silver oxide and carbonate are considered 
the best substances, but for expediency the less expensive lead 
carbonate is used. 

Add lead carbonate by saltspoonfuls—meanwhile agitating the 
contents of the flask—until its addition causes no effervescence. 
As before, a brown tint, this time very faint, appears on the 
precipitate when the acid has been neutralised. Add an excess 
of lead carbonate because its presence aids the filtering. Filter 
the liquid, and if time be short proceed with the next experiment 
as soon as about 20-30 c.c. have run through. Test a small portion 
of the first runnings. The oxidising liquid is still present and 
cannot therefore have been a compound of hydrogen chloride such 
as chloric acid. The ions, Ba, SO^, H, Cl, have been removed and 
the oxidising liquid remains. 

Expt. 297.—Decomposition of the Oxidising Liquid 

. The liquid is heated, oxygen is evolved in abundance and only 
hydrogen oxide remains. The liquid is therefore, by our definition, 
hydrogen peroxide. 

Fit up an apparatus as shown in fig. 73. Select a small Wurtz 
flask, 50-70 c.c. capacity, so that the liquid available more than 
half-fills it. Place a thermometer in the liquid. Warm the liquid 
and let a pupil call out the temperature. Decomposition soon sets in 
and gas is briskly evolved. When the temperature is 60-80® C., 
according to the strength of the solution, the brisk evolution forms 
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a foam J of an inch high, visible to the whole class. At this stage 
remove the flame. The evolution of gas does not slacken, showing 
that the liquid is decomposing and not boiling. Collect the gas in 
test-tubes—rejecting the first one as air. The gas is found to be 
oxygen and is evolved in too great abundance to be dissolved 



Fig. 73.—Decomposition of Hydrogen Peroxide. 


oxygen. When the evolution of gas has ceased the residual liquid 
boils at 100° C. Turn the flame higher for a minute and let a pupil 
read the thermometer. The temperature remains at 100° C. The 
liquid is water—^hydrogen oxide—and therefore the decomposing 
liquid must have been hydrogen peroxide. 

Expt. 298.—The Instability of Hydrogen Peroxide 

That hydrogen peroxide is unstable is known from Expt. 297. 
The conditions affecting its stability are therefore investigated. 

(a) Decomposition in the Cold 

Arrange, if possible, to have an unopened bottle of hydrogen 
peroxide available for the lesson. Open the bottle. A cork is 
often released with a pop, indicative of the pressure behind. Dip 
a glowing splint into the mouth of the bottle—the presence of 
oxygen is revealed. The cold solution therefore suffers decom- 
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position, and the effect of heat in Expt. 297 was to increase the 
velocity of the action. Should the bottle be closed with a bark 
cork call attention to its bleached appearance. 

Expt. 299 .— The Instability of Hydrogen Peroxide. F. 

(b) Catalytic Decomposition and Bleaching Action 

Equal volumes of the same solution of hydrogen peroxide, 
contained in three test-tubes, severally made acidic, alkaline, and 
neutral, are plunged simultaneously into a beaker of hot water. The 
velocity of decomposition is noted from the rate of evolution of 
oxygen. A strip of litmus-paper is suspended in each solution and 
the speed of bleaching observed. 

Have ready a large beaker half-filled with hot water kept at 
50-60° C, by a small flame. About one-third fill each of 4 test-tubes 
with ‘ 20 volume ' hydrogen peroxide (10-volume solution will serve 
but ' 20 volume ' is more effective). Add a few drops of dilute acid 
to one test-tube and hang in it a long strip of blue litmus-paper. 
Add to the second test-tube sufficient dilute caustic soda to make 
the solution alkaline and suspend a strip of blue litmus-paper in it. 
Make the contents of the third tube approximately neutral and as 
with the others hang litmus-paper in it. Make the fourth solution 
alkaline and then add a pinch of powdered manganese dioxide; 
a vigorous effervescence ensues and the contents of the tube usually 
froth over. Show that the issuing gas is oxygen. 

Now place the first three charged tubes simultaneously in the 
hot water. The basic solution begins vigorously to decompose 
as soon as the heat gets to the liquid and the froth of escaping 
oxygen, about J of an inch high, is easily visible if the tube is 
momentarily lifted out of the beaker. The neutral solution is the 
next to show appreciable decomposition, while the acidic solution 
remains unchanged for a considerable time. 

At the end of several minutes the litmus-paper in the alkaline 
solution is entirely bleached. The paper in the neutral solution 
requires a longer time, while that in the acidic solution scarcely 
perceptibly pales in the lesson period. The rate of bleaching is 
obviously connected with the rate of decomposition— i.e. nascent 
oxygen is responsible for the bleaching. 

Expt. 300.—Hydrogen Peroxide an Oxidising Reagent 

To solutions of ferrous, manganous, cobalt, and nickel salts add 
caustic soda solution and show the precipitated hydroxides. Either 
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pour hydrogen peroxide on to each of the precipitates until the 
higher oxide is obtained, or begin with fresh solutions, add hydrogen 
peroxide and then the caustic soda. If a lead salt is used the 
hydrogen peroxide must be added before the caustic soda, for 
hydrogen peroxide will not affect precipitated lead hydroxide. 

Ezpt. 301.—Lead Sulphide oxidised to Lead Sulphate 

Before the lesson begins coat filter-paper with lead sulphide. 
To do this dip a sheet of filter-paper in a weak solution of lead 
acetate and then immerse it for a moment in a weak solution of 
ammonium sulphide, or, better, in a stream of hydrogen sulphide. 
By this treatment the paper is uniformly coloured. Now allow 
the paper to dry, or dry it on a hot-water pipe; the experiment 
d: es not work well when the paper is wet. Write on the paper with 
a glass rod dipped in a solution of hydrogen peroxide. A white 
trail marks the path of the moving rod. 

To show that the action is due to the formation of white lead 
sulphate proceed as follows: Precipitate a small amount of lead 
sulphide by adding ammonium sulphide to an excess of lead acetate 
solution. Wash the precipitate a few times by decantation with 
hot water. This process is rapid and easy for the heavy precipitate 
readily settles. Pour about loo c.c. of water into the flask con¬ 
taining the precipitate and swirl the contents to bring the solid 
into suspension. Pour a few c.c. of the suspension into a small 
flask or a test-tube and add double the bulk of ' 20 volume * 
hydrogen peroxide. The black precipitate almost immediately 
disappears, and is replaced by a white, rapidly settling powder. 

Hydrogen Peroxide as a Reducing Agent. —The class will be 
acquainted with this behaviour if the interaction of hydrogen 
peroxide and permanganic acid has been used for the preparation of 
oxygen, Expt. 384 (c). The reactants are unstable and both evolve 
oxygen on heating. The reaction may be explained as due to the 
formation of the stable oxygen molecule. 

The uses of hydrogen peroxide should be given, especially its 
application to medicine, and to the bleaching of wool. 



CHAPTER IV 


THE HALOGENS. PHOSPHORUS, AND SILICON 
The Study of the Halogens 

The chemistry of salts suggests an investigation of sea-water, for the 
naturally occurring soluble salts are stored in the existing seas and 
the dried-up seas of former ages. With a junior class the study 
may with advantage take the form of the evaporation of sea-water 
and the fractional precipitation of the substances present in greatest 
abundance. Chalk, gypsum, common salt, magnesium sulphate, 
and bromine may be thus isolated and identified, while with equal 
ease the presence of potassium may be demonstrated. Later on 
iodine is isolated from seaweed, a plant which can have obtained 
its food only from the sea. 

Such an investigation is of extraordinary interest. On the one 
hand it leads to the conception of a bittern, provides an insight 
into the formation of the great salt deposits, thus linking chemistry 
and physics with geology and oceanography, incidentally revealing 
the interdependence of these branches of science upon one another. 
On the other hand it constitutes an introduction to the study and 
history of the halogens, for the quest follows the lines of their 
discovery. Moreover, the properties of the halogens are so closely 
related that it is manifest that the elements are members of a class. 
Accordingly, from a consideration of these related properties an 
approach may be made to the great generalisation known as the 
Periodic System. 

As with other such investigations the ideal school procedure is, 
in my opinion, the correlation of work by the class in the laboratory 
with that of the teacher and class in the lecture-room. Obviously 
various plans of work are possible and various influencing factors 
prevail; for instance, a school on the coast would have access to 
ample supplies of sea-water. My own procedure, evolved from 
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years of experience, and adapted to limited supplies of water, is 

as follows 







THE SALTS IN A LITRE OF SEA-WATER 
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pure water) 
0-126 (in 
sea-water) 

•• 

•• 

The evaporation of a litre of water, Expt. 302, is begun on the 

lecture bench 

. Meanwhile, we discourse on such topics as the water 




EVAPORATION OF SEA-WATER 255 

cycle, leaching out of soluble salts, the Challenger Expedition, the 
varying salinity of the seas. Next the table opposite is partly given 
and partly built up by the class. Thus from the amount of Na 
in a litre of water the class work out how much sodium chloride 
would be present and the volume of water required to bring it 
into solution. From the solubility figures the order in which 
several salts ought to be precipitated is worked out, also the volumes 
to which the litre must be reduced by evaporation before the appear¬ 
ance of these salts is to be expected. The solubility of gypsum in 
brine is omitted from the table until in the course of the experiment 
gypsum fails to appear at the expected time. 

Altogether upwards of 30 solutes have been found in sea-water, 
among them being appreciable amounts of gold, silver, iodine, 
borax, and radium. 

The Evaporation of Sea-Water 
Expt. 302 .—Chalk deposited from Sea-Water. F. 

An inspection of the table opposite shows that the first precipitate 
to be expected is chalk, liberated by the decomposition of calcium 
bicarbonate. 

A litre of sea-water is reduced to about 250-300 c.c. by evapora¬ 
tion below the boiling-point. The precipitated sohd is removed and 
identified as chalk. 

Note.—My own experience (limited to the evaporation below its 
boiling-point of water from the English Channel) is that no precipi¬ 
tate can be seen by an observer close up until the volume has been 
reduced to about 500 c.c. When the volume has reached 350-250 c.c. 
chalk is precipitated in quantity sufficient for the class to note 
its presence and for its identity to be ascertained. The chalk in 
making its appearance does not always follow the same behaviour. 
Sometimes it collects on large specks of what are apparently particles 
of flocculated organic matter. Sometimes it adheres to the bottom 
and sides of the beaker. It is best when it appears as a precipitate 
at volume 400-300 c.c. throughout the liquid, thus displaying its 
presence to the whole class. 

The bulk of the chalk, however, seems to be precipitated on 
the gypsum at volume 200-100 c.c. The gypsum acts like ' the 
marble * or * fur egg' which housewives in chalky districts are 
accustomed to place in the kettle to collect the ' fur.* 

Graduate a tall-shaped litre beaker in loo-c.c. divisions with 
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strips of white paper. Fill the beaker to the litre mark with 
filtered sea-water. Stand the beaker on a sand-bath and heat the 
water just below its boiling-point. Begin the evaporation in front 
of the class, the lesson before the concentrated solution is required, 
and reduce the bulk to about 400 c.q. by the time the class assemble 
again. Now boil the liquid down to about 250 c.c. If the chalk 
is in suspension, remove the beaker from the sand-bath to allow 
the precipitate to settle: being granular it settles immediately. 
Decant the bulk of the liquid into a second beaker and rinse 
the solid into a small flask or test-tube. Replace the liquid in the 
original beaker and continue with the evaporation. Treat the 
solid with a few drops of dilute hydrochloric acid. Brisk efferves¬ 
cence occurs and a clear liquid results. Lower a rod moistened 
with lime water into the gas: a positive test for carbon dioxide 
is readily obtained. Apply to the liquid tests for calcium. If the 
chalk adheres to the bottom of the beaker, decant the clear liquid 
into a second beaker and run a few c.c. of dilute hydrochloric acid 
on the deposit of chalk. The effervescence is obvious to all. As 
before, apply to the liquid solution tests for calcium. 

Expt. 303 .—Gypsum isolated from Sea-Water. F. 

The evaporation is continued until the volume is reduced to 
150-100 c.c. A solid, which appears in fair abundance, is removed 
and identified as calcium sulphate. 

The calcium sulphate is precipitated in big particles resembling 
flaked rice. The particles are quite different—a difference 
obvious to the class—from the powdery chalk, or the glisten¬ 
ing salts next to be precipitated. Actually the precipitate is 
CaS04-2H20 (gypsum). If there is no time to examine the precipi¬ 
tate and it is left in the brine a few days, say over the week-end, 
it changes into a mass of needles, crystals of anhydrite (CaS04), 
always of fair size, so that their distinctive shape is readily discerned. 

Boil the liquor from Expt. 302 down to 150-100 c.c. Call atten¬ 
tion to the precipitate and its distinctive form. Drain off and pre¬ 
serve the clear liquid. Take a portion of the precipitate and shake 
it in a test-tube with 5 or 6 times its bulk of water. The substance 
seems insoluble. Drain off this water, then add boiling water to 
the precipitate—the substance seems insoluble in boiling water. 
Apply to the ‘ water * tests for calcium and sulphate: positive 
results are obtained. The substance is therefore the sparingly 
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soluble calcium sulphate. Boil the precipitate at least twice more 
with fresh portions of water, draining away the solution as thor¬ 
oughly as possible each time. Now warm the well-washed product 
with I c.c. of concentrated hydrochloric acid until much of it has 
dissolved. Transfer the mixture to a clean watch-glass. Moisten 
a well-cleaned platinum wire with the liquid and hold it in the flame. 
If this procedure is followed the red tint of calcium is easily seen. 

Place the remainder of the gypsum in a test-tube and add a few 
drops of dilute hydrochloric acid. Vigorous effervescence occurs. 
Drain off the liquid, then add more acid ; no further effervescence 
occurs, the gypsum being merely coated with chalk. Refer to ' the 
marble ' in the kettle. 

Note.—The pupils unaware of the solubility of gypsum in brine 
expect a precipitate of this salt as soon as the volume of the liquid 
has been reduced to below 750 c.c. The class usually offer two 
explanations of the non-appearance of the precipitate—viz. its sup¬ 
posed greater solubility in hot water or in salt solution. A portion 
of the hot liquid on being cooled reveals the incorrectness of the 
first assumption. The action of brine on gypsum is therefore 
investigated. 

Expt. 304 .—Calcium Sulphate soluble in Brine. F. 

A small amount of calcium sulphate found to be insoluble in a 
large quantity of hot or cold water easily passes into solution when 
salt is added to the liquid. 

Place 0-3-4 of precipitated calcium sulphate in a small flask 
and add 80 c.c. of water. Bring the liquid to the boiling-point and 
keep it at that temperature for a minute. The solid does not 
(completely) disappear. (Actually 0-16 gm. dissolves in 80 c.c. of 
water and sometimes a keen pupil will notice the diminution in 
bulk.) Now add 10 gm. of pure sodium chloride. The instant the 
salt has dissolved the liquid is seen to be perfectly clear. Apply to 
the liquid tests for calcium and sulphate to show that gypsum is 
actually in solution. 

This accounts for the non-precipitation of the gypsum when the 
evaporating water had a volume of 750-250 c.c. 

£zpt« 305.—Common Salt from Sea-Water. F. 

The volume of the original litre of sea-water, from which the bulk 
of the gypsum has been precipitated and removed, is reduced to 

17 
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25 c.c. ; the precipitate which falls is removed and identified as 
common salt. 

Transfer the liquid from Expt. 303 to a basin ; reduce the bulk 
by evaporation to 90 c.c., then drain the liquid from calcium 
sulphate. 

Continue the evaporation: at frequent intervals swirl the entire 
contents of the basin into a beaker, drain the clear liquid back into 
the basin, and retain the precipitated salt. Constantly drain any 
liquor from this accumulating mass of salt back into the evaporating 
basin. Salt, usually beautifully white and glistening, is obtained 
in quantity. Pass it round to be examined and tasted, and give 
specimens to those who brought the sea-water. Occasionally pour 
the evaporating liquid into a small graduated beaker and cease the 
evaporation when the volume has been reduced to 25-30 c.c. 

Expt. 306 .— Gypsum found in Commercial Salt. F. 

It is obvious that the salt obtained in Expt. 305 should contain 
gypsum. Investigation confirms this. Commercial salt therefore, 
if it be obtained by the fractional evaporation of sea-water, ought to 
be a mixture of salt and calcium sulphate. 

A spectacular appeal is made by sending out and purchasing a 
quantity of block salt or having a wrapped (by maker) packet 
available. 

Permit a pupil to dig out a few grams of salt from whatever part 
of the block he likes. Dissolve the salt in water and test for sulphate 
(barium chloride) and calcium (ammonium carbonate or oxalate). 
I have carried out such tests with many samples, and have always 
found calcium and sulphate present. 

Preparation of pure Sodium Chloride. —At this stage the class 
could prepare pure salt in the laboratory either from the product 
of Expt. 305, or from rock salt, by one of the methods used in 
industry—viz. treating the brine with a small amount of sodium 
carbonate, filtering off the insoluble carbonates and evaporating 
the filtrate to small bulk, leaving sufficient water to dissolve the 
sodium sulphate formed in the process. 

An account of the industrial method of preparing salt by the solar 
evaporation of sea-water could now be given, and books dealing with 
the subject might be mentioned. 

Conception of a Bittern. —The liquid remaining from the removal 
of the salt, Expt. 305, is still saturated with salt and gypsum, and 
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contains all the other sea-salts in concentrated solution. Pass a 
solution of a magnesium salt round for the class to taste, and if 
a reserve quantity is available, say from a special evaporation, let 
them also taste the bittern from Expt. 307. Now introduce the 
conception of a bittern and give some account of the great natural 
bitterns such as the Dead Sea, and of the discovery of magnesium 
sulphate in the bittern of the Lymington vats at the end of the 
eighteenth century. 

Expt. 307 .—Magnesium Sulphate isolated from the Bittern 

(Strictly speaking, what is actually isolated may be a double salt 
containing magnesium sulphate. But it is easily possible, even with 
a few grams, to recrystallise the product and obtain magnesium 
sulphate.) 

As the result of Expt. 305 the litre of sea-water has now been 
reduced to 25 c.c. and the bulk of the precipitated gypsum and salt 
has been removed. 

On a tall-shaped beaker of 50-c.c. capacity mark with strips of 
paper the 10,15, and 20 c.c. levels. Transfer the 25 c.c. of mother 
liquor (from Expt. 305) to a basin and continue the evaporation 
cautiously on a sand-bath if time be short, otherwise use a water- 
bath. Occasionally pour the hot liquid into a second small beaker 
—to remove the salt, whose continuous precipitation at this stage 
makes the liquid bump—and drain the liquor into the graduated 
beaker—for the class to note its volume—then pour back into the 
evaporating basin, and so forth. Do these manipulations quickly 
and roughly, thus keeping the liquid hot. When the volume has 
been reduced to any value between 15-10 c.c. (measured hot) 
pour the clear liquid into a test-tube and cool the tube in running 
water. A considerable quantity of crystalline precipitate falls 
which cannot be sodium chloride, whose solubility changes so little 
with the temperature. Drain the clear liquid from the crystals 
into a small beaker or into a crystallising dish. Larger crystals 
form on standing, which can be thrown on the screen. Whereon 
it is manifest from their shape that they are not crystals of common 
salt. Dissolve the first precipitate in water and test a portion of 
the solution for sulphate. A strong positive test is obtained, show¬ 
ing that sulphate is a main constituent; the salt is therefore an 
easily soluble sulphate. With portions of the remaining solutions 
carry out any tests for magnesium which are known to the class. 
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For instance, precipitate the hydroxide, carbonate, and ammonium 
phosphate. The best reaction of all is to make a portion of the 
solution alkaline with sodium hydroxide, and add a few drops of 
a solution of ^-nitrobenzeneazoresorcinol, whereon the precipitated 
hydroxide turns deep blue, a reaction distinctive of magnesium 
(see p. 551 for the preparation of this reagent). 

£3q)t. 308 .—Potassium Salts found in the Bittern 

To a small portion of the bittern, 0*3 c.c. is ample, add a solution 
of sodium cobaltinitrite, picric acid, or whatever reagent is used in 
the school for the detection of potassium. A copious precipitate 
immediately falls, showing the presence in the bittern of a potassium 
salt in quantity, 

Expt. 309 .—Bromine isolated from Sea-Water 

The * bittern,* from which the bulk of the magnesium sulphate 
has been removed, is treated with clilorine water, and bromine is 
liberated. The bromine is extracted with ether, the ethereal layer 
isolated, the bromine fixed as ammonium bromide, and the ether 
evaporated. The bromine is then released with manganese dioxide 
and sulphuric acid. 

Place the 10 c.c. of bittern in a small separating funnel and add 
chlorine water until the yellow colour at first produced no longer 
deepens. 

(Note.—An excess of chlorine is detrimental, since it oxidises the 
bromine and the yellow colour disappears. The amount of bromine 
in a litre of sea-water, 0*067 gm., requires for its liberation 8*4 c.c. 
of a o*iN solution of chlorine water—that is, about 3*5 c.c. of an 
aqueous solution of chlorine saturated at room temperature. It is 
a good plan to dilute the chlorine water 2 or 3 times, find its titre 
by iodometry, calculate the volume required to release the bromine 
and—^to allow for inevitable loss—add nine-tenths of this volume.) 

Add about i c.c. of ether or benzene and agitate gently the con¬ 
tents of the funnel. The bromine collects in the ether and the 
concentrated solution is now brownish-red, the colour of the bromine 
water of the stock bottle. (The action of the ether in separating 
the bromine can be illustrated by performing a side experiment with 
stock bromine water.) 

Separate the ethereal solution of bromine and transfer it to a 
test-tube. Fix the bromine by adding drops of dilute ammonia 
until the solution is colourless. Remove the ether by continually 
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dipping the tube into a beaker of boiling water, holding a folded 
duster in the right hand, for use should the ether ignite. Next pour 
the bromide solution into a small stoppered bottle, add a pinch of 
manganese dioxide, and a volume of concentrated sulphuric acid 
equal to that of the bromide solution. Insert the stopper. Bromine 
is evolved and may be retained in the bottle for years. 

Where abundance of sea-water is available, the whole of the 
bromine may be extracted with certainty, and thus its presence 
effectively shown, by the following procedure:— 

Expt. 310 .—Extraction of Bromine from Sea-Water. F. 

Evaporate a litre of sea-water (or two litres if desired) in an 
enamelled iron basin, until the volume is 85 c.c.—that is, until the 
separation of the salt begins to make the boiling troublesome. Cool, 
and transfer both liquid and precipitate to a loo-c.c. stoppered 
cylinder. Now add exactly the required quantity of chlorine 
water— i,e. 8-4 c.c. of a o-iN solution and mix the contents of the 
cylinder. In this way any bromide adsorbed on the precipitated 
salt is acted upon by the chlorine and the bromine in the original 
litre is quantitatively liberated ; its yellow colour is thus made 
visible to the whole class. Now add 5 c.c. of ether—this volume of 
ether is almost insoluble in the strong salt solution—and gently 
agitate the contents of the cylinder. The bromine collects as a 
yellow-red layer in the ether. Either stop at this stage or proceed 
as in the last experiment. 

Salt Deposits.—Consider now with the class the undisturbed 
evaporation of a deep sea with the consequent deposition of the 
various salts in layers. Such dried-up seas are found in various 
parts of the world and constitute the great salt deposits. It is 
well known that deposits of rock salt are frequently found on top of 
a layer of gypsum. Had the seas of former ages the same com¬ 
position as existing seas, rock salt should contain calcium sulphate. 
Test some specimens of rock salt, chosen at hazard, for calcium 
and sulphate. A lesson on the Stassfurt Deposit could with 
advantage follow at this stage. 

For a fuller knowledge of sea-water evaporation and kindred 
subjects the reader may consult: 

The Data of Geochemistry, by F. W. Clarke. 1916. 

The Ocean, by J. Murray. Home University Library, 

Chemistry in Modem Life, by S. Arrhenius. 
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History of Lymington, by C. P. Jones. 1930* 

Life in the Seas, by J. Johnson. Camb. Univ. Press, 

Chemistry of the Sea, by H. Wattenberg, 1933. 

Salt (Imperial Institute Booklet). H.M.S. Office. 1927. 
Oceanography, by H. B. Bigelow. 1931. 

The Art of Making Common Salt, by W. Brownrigg. 1748. 

Expt. 311 .—Preparation of Bromine in quantity. F. 

(a) Displacement by Chlorine 

Chlorine is passed into a hot strong solution of potassium bromide, 
the liberated bromine is led off and condensed in a receiver, cooled 
with ice. 

Fit up an apparatus such as that of fig. 74 * The tubulure retort 
should have a capacity of 150-200 c.c. A steady stre^am of chlorine 



is required and this is easily obtained by Graebe's method, therefore 
use the preparation apparatus of fig. 46, p. 134. Since the halogens 
rapidly corrode the cork of the tubulure, use an old rubber cork 
or, preferably, a roll of asbestos paper made gas-tight with pyruma 
putty. 
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Pour a strong solution of potassium bromide (say 20 gm. in 50 
c.c.) into the retort; surround the receiver with crushed ice. Warm 
the retort and regulate the tap of the dropping funnel so that a brisk 
stream of chlorine flows through the wash-bottle. The solution of 
bromine becomes rapidly coloured and in a few minutes bromine, 
in red detached bubbles, flows down the retort. Carry on until 
about 5 c.c. of bromine have been collected. Show the product— 
bromine and bromine water—and pour it into a stoppered bottle 
for subsequent investigation. 

(b) Using Manganese Dioxide and Sulphuric Acid 

Fit up the retort and receiver as in fig. 75. Place in the retort 
2 teaspoonfuls of potassium bromide and i of manganese dioxide 



and just cover the mixture with moderately dilute sulphuric acid 
(ii volumes of acid, 8 volumes of water) added by means of a funnel. 
On gently warming the retort the whole of the bromine soon distils 
over. 

Properties of Bromine 

To illustrate the close resemblance of the properties of bromine 
to those of chlorine, it is the writer's plan at this stage to make the 
class write down the reactions of chlorine and then, one by one, 
carry out these reactions, substituting bromine for chlorine. In 
most of these reactions it is necessary first to get the bromine into 
its gaseous form—that is, heat energy must be given to it. Bromine 
is therefore a * less active chlorine/ 
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Ezpt. 312.—The Bleaching Action of Bromine 

Add litmus-paper, flower petals, and coloured fabric such as 
turkey twill, to diluted bromine water. Bleaching occurs as with 
chlorine water. 

Expt. 313.—Reaction with Hydrogen 

Warm a wide-necked flask, a so-called beaker-flask, to 40-50° C. 
on a sand-bath. Transfer the flask to a wood block and add, with 
a pipette, about o*3-o-5 c.c. of bromine. The bromine rapidly 
volatilises, and when the brown vapour reaches the top of the flask 
close it with a gas-jar cover. Invert a jar of hydrogen, comparable 
in size to the flask, on top of the flask. Remove the covers and mix 
the gases by inverting the combination a few times. Cover the jar 
and the flask. Apply a light to each: reaction takes place with a 
feeble flash of light; there is no explosion, and fumes of hydrogen 
bromide appear. 

Expt. 314.—Interaction of Bromine and Hydrogen Sulphide 

Prepare a flask of bromine vapour as in Expt. 313. Stand on 
top of it a jar of hydrogen sulphide. Remove the caps ; interaction 
occurs, hydrogen bromide and sulphur making their appearance. 
Compare Expt. 240, 

Ezpt. 315.—Combination with Copper 

Prepare a flask of bromine vapour and introduce Dutch metal into 
it as in the corresponding experiment with chlorine (Expt. 189 (&)). 


Oxidation of sulphurous acid with bromine. This has been done 
already (Expt. 257, p. 209). 

Ezpt. 316.—^Formation of Iron Bromide. F. 

Iron reacts with bromine water to form ferrous and ferric bromide. 

Dilute a quantity of saturated aqueous solution of bromine with 
its own volume of water, and pour some of the liquid into a cylinder 
to serve as a standard for comparison. Place 40 c.c. in a loo-c.c. 
stoppered cylinder and add a saltspoonful of iron filings or powder. 
Call attention to the brown atmosphere of bromine above the 
liquid. Now shake the cylinder for a few seconds: the brown 
atmosphere disappears and the odour of bromine can be no longer 
detected in the cylinder. Dip one end of a long strip of red litmus- 
paper in the liquid: the paper retains its colour; dip the other end 
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in the reserved portion of the original liquid: the paper is instantly 
bleached. Although the liquid is of a pale yellow colour (contrast 
it with the tint of the reserved solution) it is obvious that it contains 
no free bromine. Add caustic soda to a portion of the solution, a 
black precipitate of magnetic iron oxide is usually obtained. Allow 
the cylinder to stand and test the liquid again towards the end of the 
lesson. After about 15 minutes a dark green precipitate will be 
given with caustic soda, showing that most of the dissolved iron is 
in the ferrous state. Test a portion of the solution for bromide 
by adding nitric acid and silver nitrate. Stopper the cylinder and 
let it stand until the next lesson. By this time a brown precipitate 
(of basic ferric bromide) has usually separated and the solution 
appears colourless. Treat a portion of the solution with caustic 
soda; usually a very pale green, almost white, precipitate of ferrous 
hydroxide appears. 


Preparation of Iodine 

The efforts made by many countries to become as far as possible 
self-supporting have once again attracted attention to the winning 
of iodine from seaweed. The extraction of iodine from kelp, 
simulating the Scottish industrial method, worked out by Ure ini84i, 
is well illustrated by the neat device of W. Shenstone, of using lamp 
chimneys as udells (Expt. 318). 

The method below of A. H. Heap, actually employing seaweed as 
the starting material, has much to recommend it. In a school 
favourably situated, the collection and ashing of the weed may be 
done by the pupils, while the final work on the accumulated ash 
may be carried out by the teacher on the lecture bench. Further¬ 
more, the liberation of iodine by means of nitrous acid is a modem 
industrial procedure. 

Expt. 317.—Iodine from Seaweed. Audrey H. Heap, 1933 

Seaweed rich in iodine is air-dried and then ashed at a red heat.* 
The product is treated with nitrous acid or hydrogen peroxide, 
whereby iodine is liberated unmixed with chlorine and bromine. 
The solution is steam-distilled and iodine obtained. 

Collect the Laminarias (popularly called ribbon seaweed) which 
are often found abundantly in drift kelp. Wash the plants lightly 
and dry them in the air. At least 100 gm. of the air-dried weed 
should be taken to ensure obtaining sufficient iodine for the class 
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to see the vapour and the solid element. Char the dry weed in 
portions on an iron tray, then powder the brittle mass to reduce its 
bulk. Heat the powder in a large crucible or on an iron tray until 
no carbon remains. Digest the mass with hot water, filter, and 
reduce the liquid by evaporation to a convenient bulk. Transfer 
the liquor to a small flask, acidify with dilute hydrochloric acid, and 
add several c.c. of hydrogen peroxide. Transfer the liquid to a 
retort and use a small flask, cooled in water, as a receiver. Boil the 
liquid in the retort; violet vapours appear and solid iodine condenses 
in the flask. 

Note.—100 gm. of air-dried Laminaria stenophylla contain 0-48 
gm. of iodine. 

Expt. 318 . —Iodine from Kelp. W. A. Shenstone, 1900 

Kelp, if available, failing this potassium iodide, is treated with 
manganese dioxide and sulphuric acid: iodine is liberated and 
condensed in udells (aludels). 

Fit up an apparatus as shown in fig. 76. Support the retort on 
a sand-bath. Procure lamp glasses of convenient size 
and shape, say 6 inches by 2J at the greatest width, to 
imitate the udells. Cut down the neck of a retort so that 
the stump fits nicely into the base of the first lamp glass. 
Make a V-shaped gully of cardboard and nail it to a light 



Fig, 76.—Preparation of Iodine. 


wooden support to make a bed for the udells. Place plenty 
of potassium iodide in the retort, say a heaped teaspoonful, 
add half as much manganese dioxide and just moisten the mass 
with moderately dilute sulphuric acid (ii volumes of acid to 8 of 
water). If too much acid is used the water evolved will spoil the 
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appearance of the iodine crystals and delay the experiment con¬ 
siderably. Warm the retort gently: iodine and steam are rapidly 
evolved and their vapours fill the udells and condense on their walls. 
Continue heating the retort even after the contents seem perfectly 
dry. The udells gradually dry and, by the end of an hour or more, 
clusters of beautiful crystals of iodine adhere to the walls and hang 
from the roof of the first two udells. 

Expt. 319 .—Iodine from Caliche. F. 

The iodine in caliche is in the form of iodate. 

A stream of sulphur dioxide is passed into a solution of potassium 
iodate, whereby iodine is precipitated. 

HI03+3H2S03=3H2S04 + HI 
HIO3 + 5HI =3H30 +312 

The stream of sulphur dioxide is continued and by the end of a 
few minutes the iodine has entirely disappeared. 

HgO +12 + H2SO3 = H2SO4 + 2HI 

The second part of the experiment explains the industrial pro¬ 
cedure of adding a definite weight of sodium hydrogen sulphite to 
the vat of iodate solution. 

Dissolve I gm. of potassium iodate in 50 c.c. of water and place 
the solution in a small cylinder or in a lecture glass. Pass in a 
brisk stream of sulphur dioxide—most conveniently from a siphon 
of hquefied gas. In a minute or so the liquid is black with precipi¬ 
tated iodine. Interrupt the stream of gas, allow the crystals to 
settle, remove a portion with a glass spoon (or boat-shaped length 
of broken test-tube), and heat the crystals in a dry tube to disclose 
their identity. Now renew the stream of sulphur dioxide—in a few 
minutes the crystals dissolve. 

Properties of Iodine 

Expt. 320 .—Iodine and Various Solvents 

Have ready three loo-c.c. stoppered cylinders half-filled severally 
with water, alcohol, and carbon disulphide. Add a few crystals of 
iodine to the water and alcohol, but only a small speck to the carbon 
disulphide (otherwise the tint wUl be so deep that the violet colour 
will not be seen). 

The water is very faintly coloured by the iodine (S= 0*028); 
add a few crystals of potassium iodide. The iodine easily passes 
into solution. 
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The iodine easily dissolves in the alcohol, forming a brown 
solution, but in carbon disulphide forming a violet solution. 

Students invariably ask about the ' tincture of iodine * of 
pharmacy. It is a solution of 2*5 gm. of iodine plus 2*5 gm. of 
potassium iodide in 100 c.c. of rectified spirit. 

Expt. 321 ,—Starch and Iodine 

It is quite easy to fail with these simple experiments ; for instance, 
if excess of starch is used the blue colour will not disappear on 
boiling. If excess of iodine is placed on filter-paper a green rather 
than a blue colour is obtained. As ever, the safeguard is to 
work with standard solutions. The ordinary o-i iodine used in 
volumetric analysis should be diluted 100 times to afford a solution 
suitable for these tests. 

Nearly fiU a gas jar with water, add 20--30 c.c. of starch 
solution and 1-2 drops of o-iN iodine; an intense blue liquid is 
obtained. 

Pour some starch solution into a small flask and add an 
equal volume of o-ooiA' iodine. A deep blue liquid is formed. 
Warm the liquid. (If these directions are followed the liquid will 
become colourless at 70®, if too great an excess of iodine is used 
the heated liquid is yellow.) Have ready a large beaker of about 
the height of the test-tube about to be used and half-fiU the beaker 
with water. Cover the beaker with a sheet of cardboard, in which 
cut a circular hole for the insertion of the test-tube. Warm a test- 
tube by boiling water in it. Empty the hot tube, then fill it with 
the decolorised solution of ' starch iodide' and stand it upright 
in the beaker, where it is supported by the cardboard. In less than 
a minute the bottom half turns blue while the upper half remains 
hot and colourless. 

To a sheet of filter-paper add a few drops of o-ooiN iodine; 
a blue disc appears, disclosing the presence of starch in the 
paper. 

Test a few other substances—bread, arrowroot, cornflour, a slice 
of cooked potato—with the dilute iodine solution. 

Preparation of 0-lN Iodine. —Add 1*27 gm. of iodine to a solution 
of 3 gm. of potassium iodide in 10 c.c. of water. When the iodine 
has dissolved dilute the solution to 100 c.c. 

Preparation of a Starch Solution. —If the preparation sold as 
' soluble starch' is available a solution may be made by shaking 
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I gm. in a little cold water, pouring the suspension into 200 c.c. of 
boiling water, and adding i gm. of zinc chloride as a preservative. 
Failing this, mix a gram of wheaten starch into a paste with a little 
cold water, pour the paste slowly into 200 c.c. of boiling water, keep 
the liquid boiling for a minute, allow it to cool and settle, then decant 
the clear solution into a bottle. Starch solution so made will keep 
for about a week : it will keep for months if to the above volume of 
boiling liquid o-oi gm. of mercuric iodide or i gm. of salicylic acid 
is added. 

Expt. 322.—S 3 mthesis of Mercuric Iodide 

Clamp a test-tube vertically for heating over a Bunsen flame. 
Place a small globule of mercury in the tube (remember 0*5 c.c. of 
mercury react with 8 gm. of iodine). Heat the mercury to boiling 
then add a saltspoonful of iodine. The elements unite with con¬ 
siderable vigour and both red and yellow products (black while 
hot) appear. Cork the tube and leave it till next lesson ; the yellow 
mercuric iodide changes to the red form. (A special study of this 
transformation is made in Expts. 483 and 484.) 

Expt. 323.—Interaction of Iron and Iodine 

Place 50 c.c. of water and a few crystals of iodine in a loo-c.c. 
stoppered cylinder. Shake the contents well, allow the liquid to 
settle and call attention to the exceedingly pale yellow colour 
of the solution. Now add a level saltspoonful of iron filings or 
powder: a deep red-brown liquid soon forms and the whole of the 
iodine goes into solution. If excess of iron is used the liquid 
soon turns pale green. Test a portion of the liquid with sodium 
hydroxide solution and thus show the presence of ferrous iron. 
This method of getting iodine into solution is the basis of an 
industrial method of preparing potassium iodide. 

Expt. 324.—Iron etched with Iodine 

Paint a pupil's knife blade with molten wax, or, better, shellac 
varnish or brunswick black. Write on the dried covered surface 
with a fine needle, taking care to penetrate to the iron. Cover the 
blade with a solution, not too dilute, of iodine in potassium iodide, 
and leave it for two or three minutes. Wash off the iodine with 
water and the varnish with alcohol. The knife should then be 
passed round for examination. 
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The Preparation of Hydrogen Iodide 

At least three methods of preparing hydrogen iodide are suitable 
for lecture purposes. Although the method of Expt, 325 requires 
the most care and attention it is the one most full of chemistry. 

For those who have little time and who dislike the flashing which 
occurs in the early stages of Expt. 325 ,1 would single out the method 
of Austen (Expt. 326). It is safe, rapid, works splendidly, and can 
be recommended with confidence. 

I have placed hydrogen iodide before hydrogen bromide, and I 
would advise a teacher not having time for both preparations to 
choose the former, inasmuch as hydrogen iodide is the more powerful 
reducing agent and its reactions are spectacular as well as instructive. 

Expt. 325 .—The Hydrolysis of Phosphorus Iodide. (L. J. Gay- 
Lussac, 1814) 

Phosphorus iodide is first synthesised and then decomposed by 
water. 

Pl3+3H20=3HI+H3P03 

Fit up a preparation apparatus such as that of A, B, C of fig. 77. 
The gas may then be collected (a) by the simple method used for 
sulphur dioxide, fig. 65, or (b) far more preferably, and on the open 
bench, by the apparatus shown in fig. 77, which is the same as that 
used for hydrogen sulphide, hydrogen bromide, and for chlorine. 
(My own practice is to store this apparatus (dismantled) in a box, 
its assembly for the preparation of any one of these gases is then a 
matter of a few moments.) C is a receptacle filled with glass wool 
and sprinkled with red phosphorus to deprive the issuing gas of any 
free iodine. A U-tube similarly charged is frequently recommended 
for this purpose, but I prefer a Drechsel wash-bottle, for it is stable, 
requires no fitting of corks, and is most easily filled and emptied. 

Have a thistle funnel and the necessary connections ready so 
that when sufficient vessels have been filled the remaining gas may 
be made into solution in the manner shown in fig. 67, D, p. 211. 

When the apparatus is ready, detach the preparation flask A and 
place in it i gm. of red phosphorus and 10 gm. of iodine. Warm 
the flask gently over a small flame until the mass begins to fume 
and melt, when immediately remove the flask from the flame and 
place it in position. The action is of course the formation of 
phosphorus iodide. Place water in the dropping funnel B and run 
it in by single drops, quite slowly, until the flashing is over. The 



HYDROGEN IODIDE 271 

first few drops react with a flash of light, probably due to the 
formation of a little phosphine, for the flashing continues until 
the air in the flask has been displaced by hydrogen iodide. When 
sufficient water has been added to moisten the bottom of the flask, 
heat may be applied very gently. Usually several minutes elapse 
before any gas is evolved, for of course none comes off until the 



Fig. 77.—Preparation of the Hydrogen Halides on the open bench. 


water is saturated (i c.c. of water at 10° C. dissolves 425 c.c. of 
hydrogen iodide). Once the action is well started the gas comes 
oh in a steady stream. 

Expt. 326 .—Hydrolysis of Phosphorus Iodide. P. T. Austen, 1889 

I strongly recommend this method. 

The reaction is modified and made easy of control by the addition 
of a strong solution of potassium iodide. 

Use the apparatus of fig. 77 but omit the dropping funnel and 
close the flask A with a bark cork. Have ready a solution of 
3 gm. of potassium iodide in 5 c.c. of cold water. Detach the 
preparation flask from the apparatus and place in it 10 gm. of 
powdered iodine, i gm. of red phosphorus, and the cold solution of 
potassium iodide. Gently agitate the contents of the flask. In 
cold weather the flask may be gently warmed over a flame but the 
procedure is usually unnecessary. The mixture becomes warm, 
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and after about one minute hydrogen iodide is evolved in torrents. 
At this stage cool the flask in running water, when the action ceases 
completely. Replace the flask in the apparatus and warm it with 
a small flame. Hydrogen iodide is evolved at a brisk steady rate. 
Collect the gas in jars and cylinders. 

Expt. 327.—The Interaction of Phosphoric Acid and Potassium 
Iodide 

Place 30 gm. of potassium iodide and about 15 gm. of syrupy 
phosphoric acid in a small flask fitted with a one-holed cork and 
delivery tube. Heat cautiously until the mass melts, and then 
more strongly until hydrogen iodide is evolved. Phosphoric acid 
(d 175) may be used : the gas then comes over slightly moist. 

Ezpt. 328.—Hydrogen Iodide is decomposed by Heat. F. 

This experiment should be taken early, because, in revealing 
the easy decomposition of hydrogen iodide, hence the production 
of atomic hydrogen, it provides a key to the foremost property of 
hydrogen iodide—namely, its reducing action. The decomposition 
may be carried out by the simple method {a) or more effectively by 
the equally simple method (6). 

(a) Make an iron or glass rod red-hot and plunge it into a jar 
of hydrogen iodide. If the rod is sufficiently hot and the jar well 
filled with hydrogen iodide the liberated hydrogen will inflame. 

(h) Fill a 100-150 c.c. Florence flask with hydrogen iodide 
and insert a cork. When about to do the experiment loosen the 
cork. Grasp the neck of the flask with tongs and heat the bulb 
in a moderate Bunsen flame. Iodine soon appears, and after one 
minute the whole flask is full of the violet vapour, and since the flask 
is hot the vapour persists for what seems a considerable time. 
Sometimes the liberated hydrogen inflames with a small explosion, 
which merely blows the cork out of the flask. While the flask is 
stiU hot cork it, remove it from the flame and place it against a 
white background: the display of deep violet vapour is highly 
effective and rivets attention. 

The thermal decomposition of hydrogen bromide (Expt. 339) 
requires the full heat of a roaring Bunsen flame ; hydrogen chloride 
cannot be decomposed at the ordinary high temperatures attainable 
in the laboratory. Call attention to the order of stability here 
disclosed, an order corresponding to the position of the elements 
in the periodic system. 
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Expt. 329.—Reduction of Nitric Acid 

To a jar of hydrogen iodide add 1-2 c.c. of nitric acid [d 1*42) 
from a test-tube. Dense brown fumes first appear, then, quite 
suddenly, iodine in brilliant crystals completely coats the walls 
of the jar. After a few minutes have elapsed, pour the gaseous 
contents of the jar into a large dry beaker, so that the nitrogen 
peroxide may be recognised. 

2HNO3 + 2HI = 2H2O + 2NO2 +12 
Expt. 330.—The Interaction of Hydrogen Iodide and Chlorine 

Various products are formed depending upon the way the gases 
are mixed. Invert a jar of the heavier hydrogen iodide on top of 
a jar of chlorine and remove the caps. The gases, aided by the 
difference in density, rapidly mix; a violent action occurs and iodine 
is liberated. 

Repeat the experiment with the lighter chlorine in the uppermost 
jar. The chlorine floats on the hydrogen iodide and the gases mix 
more slowly. The liberated iodine encounters excess of chlorine 
and forms iodine trichloride, which condenses in the upper jar to 
form glistening yellow needles; some brown ICl also forms. Some¬ 
times the iodine trichloride falls as golden rain through the dark 
cloud of iodine and iodine chloride. When a good crop of crystals 
has grown preserve them a while by capping the upper jar. 

Expt. 331.—Interaction with Bromine 

Prepare a beaker-flask of bromine vapour as described in Expt. 
313. Place a jar of hydrogen iodide on the top and remove the 
caps. Iodine is liberated. 

Expt. 332.—Sulphuric Acid reduced by Hydrogen Iodide 

Sulphuric acid is reduced, in the cold, by hydrogen iodide. 

To a stoppered cylinder of hydrogen iodide add 5 c.c. of con¬ 
centrated sulphuric acid. Run the acid round the sides of the 
cylinder and wait. At first but little iodine appears, but soon a 
considerable quantity is seen. With a junior class the reaction may 
be left at this stage. With a senior class, open the cylinder and 
show the presence of hydrogen sulphide by its odour and its action 
on lead acetate paper. Also, if time allows, drain away the re¬ 
maining sulphuric acid, add potassium iodide to dissolve the iodine, 
and notice the undissolved residue—sulphur. The reaction reveals 
the power of hydrogen iodide as a reducing agent inasmuch as 
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few reducing agents are capable of abstracting oxygen from cold 
sulphuric acid. 

Expt. 333 .—Synthesis of Ammonium Iodide 

Invert a jar of hydrogen iodide over a jar of ammonia and remove 
the caps. Dense white fumes of ammonium iodide appear and 
condense on the walls of the jars. Compare the results with those 
of Expt. 171. 

Expt. 334 .—Precipitation of Insoluble Iodides 

Add potassium iodide severally to solutions of lead nitrate, silver 
nitrate, and mercuric chloride, and note the colour of the precipitated 
iodides. 


The Preparation of Hydrogen Bromide 

The simple method of formation of hydrogen bromide by direct 
union (Expt. 335) not only illustrates the synthesis but also conveys 
some idea of the energy change involved. Accordingly, a com¬ 
parison may be made with the energy changes accompanying the 
syntheses of hydrogen chloride and hydrogen iodide. On the 
principle, therefore, that for lecture presentation a simple experiment 
is to be preferred to an elaborate one, the method of Ohmann is, 
in my judgment, better than the more elaborate methods of 
synthesis, such as that of Newth (1891), in which the mixed gases 
are passed over a hot platinum spiral. This latter procedure does 
not provide a satisfactory large-scale method of preparation and 
gives little indication of the energy change involved. 

For the preparation of hydrogen bromide in quantity in order 
to study its properties, several methods are available. Of these 
the most simple, making the least demands on time and apparatus, 
is that of Expt. 336, the interaction of potassium bromide and 
moderately concentrated sulphuric acid. The gas evolved is not 
quite dry, but is sufficiently pure for all qualitative experiments. 
The method of Expt. 338 yields a pure product, but the evolution 
of gas is somewhat slow. 

The method discovered by Balard—the formation and hydrolysis 
of phosphorus bromide—much favoured by writers of text-books, 
is more full of chemistry and has the historic appeal, yet is the 
least satisfactory for lecture purposes, for it requires so much 
of the teacher's time and attention. Nevertheless it affords a 
steady stream of gas. 
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Expt. 335 .—Direct Union of Hydrogen and Bromine. O. Ohmann, 
1920 

A mixture of hydrogen and bromine is ignited, whereby hydrogen 
bromide is obtained. 

Fill a beaker-flask with gaseous bromine by following the directions 
in Expt. 313. Invert over it a jar of dry hydrogen. Remove the 
covers and mix the gases by inverting the jars a few times. Now 
cover each jar. Apply a lighted taper or a red-hot wire to one jar. 
Combination takes place, accompanied by a feeble flame ; there is 
no explosion as with a hydrogen-chlorine mixture. Call attention 
to the fumes, hold moistened red litmus-paper in them ; also 
breathe upon them. Ignite the second jar and hold a rod moistened 
with strong ammonia in the fumes. Compare the phenomena 
attending the formation of hydrogen bromide, and its more obvious 
properties, with those of hydrogen chloride. 

Preparation of Hydrogen Bromide 

Method (a)— 

Expt. 336 .—The Interaction of Potassium Bromide and Sulphuric Acid 

If time allows, the preparation may be preceded by an investiga¬ 
tion of the action of sulphuric acid of various concentrations on 
potassium bromide, with the purpose of finding out at what dilution 
of acid bromine is no longer liberated. To a class sufiiciently ad¬ 
vanced this means lowering the oxidation potential of sulphuric acid 
until it is no longer capable of interaction with hydrogen bromide. 

In a small flask fitted with a one-holed cork and delivery tube 
place 20 gm. of potassium bromide and cover the salt with moderately 
concentrated sulphuric acid (2 volumes of acid and i volume of 
water). On warming gently, the hydrogen bromide is evolved in 
abundance. The gas contains a little moisture and is sometimes 
very pale yellow, but it is sufiiciently pure for most experiments. 
If desired, add a bottle charged with glass wool sprinkled with red 
phosphorus, as in Expt. 325* fo remove bromine ; likewise a dr5nng 
tube charged with calcium chloride or calcium bromide. Collect the 
gas by downward displacement exactly as described for hydrogen 
chloride, Expt. 168 (ft). 

Method (b)— 

Balard’s Method modified by Lhmemann.— If the simplest 
method be employed—viz. dropping bromine on moist red 
phosphorus—no hydrogen bromide is evolved until the water 
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in the flask is saturated. This process may take io~20 minutes 
and requires constant attention on the part of the teacher. The 
technique here recommended is that outlined by E. Linnemann, 
1872. Linnemann mixes the red phosphorus with moist sand and 
on top of this places a layer of dry sand. On adding drops of 
bromine, hydrogen bromide is almost immediately evolved. The 
mechanism seems to be as follows: The drops of bromine spread 
through the dry sand and present a large surface to the moist 
phosphorus. Consequently hydrogen bromide forms over the 
entire interfacial surface, saturates the film of water there, and is 
immediately evolved. 

Expt. 337, — The Hydrolysis of Phosphorus Bromide (A. J. Balard, 
1826 ; E. Linnemann, 1872) 

Bromine is added by drops to moistened red phosphorus, 
phosphorus bromide is first formed and then hydrolysed by water. 

2P+3Br2=2PBr3 
PBra +3H-OH -3HBr +H 3 PO 3 

Fit up an apparatus such as that of fig. 77. Fill the bottle C 
with glass wool sprinkled with red phosf^horus. Collect the gas 
by downward displacement exactly as described for hydrogen 
chloride, Expt. 168 (b). Place in the flask 5 gm. of red phosphorus 
mixed with 20 gm. of sand and 5 c.c. of water. Cover the mixture 
with 10 gm. of dry sand. Pour cautiously, using a small funnel— 
the head of a thistle funnel serves well—about 10 c.c. of bromine 
into the dropping funnel. When all is ready run in no more than 
1-2 drops of bromine. When doing this hold the funnel with the 
left hand so as to steady the hand manipulating the tap. Reaction 
takes place with a flash of light. Run in another drop or two ; 
there will be a second flash, but flashing soon ceases. The flashing 
is possibly due to the formation and oxidation of phosphine, for 
it ceases as soon as the evolved hydrogen bromide expels the air 
from the flask. 

Method (c)— 

Expt. 338. —The Interaction of Phosphoric Acid and Potassium 
Bromide. K. Heumann, 1876 

KBr + HaP04 + KH2PO4 

In a small flask fitted with a one-holed cork and delivery tube 
place 20 gm. KBr and just cover it with syrupy phosphoric acid 



HYDROGEN BROMIDE 277 

(d 1*7). Heat the mixture until hydrogen bromide comes over ; 
the evolution of gas is somewhat slow, and ceases as soon as the flame 
is removed. The gas comes off almost dry. It may be dried if 
required, by adding to the apparatus a tube of calcium chloride 
(or calcium bromide). For collection of the gas proceed as in 
Expt. 326. 

Expt. 339 .— Hydrogen Bromide decomposed by Heat. F. 

Fill a test-tube with dry hydrogen bromide, then loosely cork 
the tube. Hold the tube with tongs and heat it strongly in the 
Bunsen flame. As soon as a brown colour appears remove the tube 
from the flame and hold it in front of a sheet of white paper. The 
bromine is easily visible to the whole class. Note the difficulty of 
the decomposition and recall the easy decomposition of hydrogen 
iodide. 

Expt. 340 .— Formation of Ammonium Bromide 

Place a jar of dry ammonia mouth to mouth with one of hydrogen 
bromide, as in Expt. 333. 

Expt. 341 .— Reaction with Chlorine 
Place jars of chlorine and hydrogen bromide mouth to mouth 
and remove the covers. Bromine is liberated. 

Expt. 342 .— Sulphuric Acid reduced by Hydrogen Bromide 

Pour 2-3 c.c. of concentrated sulphuric acid into a stoppered 
cylinder of hydrogen bromide. Roll the acid round the sides of 
the cylinder ; bromine makes its appearance in a few minutes, and 
increases in amount by the end of the lesson. Leave the cylinder 
until the next lesson ; it wilPthen be deeply coloured with bromine 
and a layer of liquid bromine will underlie the sulphuric acid. (A 
small amount of solid in suspension is probably sulphur.) 

Expt. 343 .— Nitric Acid reduced by Hydrogen Bromide 

Pour a few c.c. of concentrated nitric acid into a cylinder of 
hydrogen bromide. Brown fumes (NOg + Brg) appear immediately. 

THE CHLORATES AND HYPOCHLORITES 

That chlorine readily interacts with soluble hydroxides is easily 
shown. That the products contain loosely bound oxygen and 
chlorine, and therefore function as oxidising agents, is likewise 
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readily shown. Still, it is difficult to establish the quantitative 
compositions of the hypochlorites and it is therefore advisable to 
give their formulae. The preparation of potassium chlorate is 
too slow and tedious for a lecture experiment; the corresponding 
preparation of potassium bromate, which is rapid, is out of place 
in an elementary course. Moreover, there is no need to prepare a 
l^rge quantity of bleaching-powder. Sufficient can be prepared 
in a minute by the method of Expt. 346. 

Have ready 3 stoppered bottles of chlorine ; the bottles should 
be dry, but the chlorine itself need not be dried. 

Expt. 344.—Preparation of Sodium H 3 q)ochlorite 

Place a loo-c.c. stoppered cylinder of chlorine in front of a white 
background. Momentarily remove the stopper and rapidly insert 
and withdraw a strip of moistened litmus-paper to remind the class 
of the bleaching action. Now add 12-15 c.c. of caustic soda solution 
i«oiV (or a corresponding amount according to the size of the 
vessel; 100 c.c. of chlorine requires nearly 10 c.c. of i*oiV-NaOH). 
On mixing the contents of the cylinder the colour of the chlorine 
instantly disappears. Plunge a piece of litmus-paper into the 
colourless atmosphere; no bleaching occurs for no chlorine is present. 
Reserve the liquid. 

Expt. 345.—Preparation of Sodium Hypobromite 

In a loo-c.c. stoppered cylinder place 10 c.c. of a saturated 
aqueous solution of bromine. Call attention to the atmosphere 
of bromine above the liquid. Add dilute caustic soda until the 
solution is almost colourless. The colour and odour of the bromine 
completely disappear. Reserve the solution. 

Expt. 346. Chlorine combines with slaked Lime: Preparation of 
Bleaching-Powder (C. Tennant, 1799). F. 

Slake a small lump of quicklime in front of the class. Take a 
level teaspoonful of the slaked lime, and, using a paper funnel, run 
it into a stoppered cylinder of chlorine placed against a white back¬ 
ground. The colour of the chlorine instantly disappears. Plunge 
a piece of moistened litmus-paper into the jar; no bleaching occurs. 
Remove the chlorinated lime and pour it into a second cylinder 
of chlorine. Once again the chlorine instantly disappears, the 
capacity of lime for absorbing chlorine appearing to be enormous. 
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Ezpt. 347.—Bleaching-Powder contains loosely combined Oxygen 

(H. Ditz, 1898). F. 

The product of Expt. 346 decomposes and evolves oxygen when 
very gently heated. 

Place the product from Expt. 346 in a dry test-tube. Fit the 
tube with a cork carrying a delivery tube connected with a 
pneumatic trough containing dilute caustic soda. Warm the tube 
very gently ; gas is immediately evolved and should be collected 
in test-tubes. Test the second tube with a glowing splint—the 
presence-of oxygen is disclosed. If 200 c.c. of chlorine have been 
absorbed in the way suggested, 100 c.c. of oxygen will be 
evolved, ample to drive air out of the apparatus and to fill a few 
tubes. 

The experiment can of course be done with stock blcaching-powder, 
but it works excellently with the freshly made material. To the 
surprise of the class, oxygen comes off when they expected to obtain 
chlorine. The experiment shows that the entry of the chlorine 
into the molecule of slaked lime has caused a rearrangement of the 
atoms and a change in the stability of the molecule. The oxygen 
previously so strongly held in the lime or water is now easily 
evolved. Bleaching-powder should therefore be a powerful oxi¬ 
dising agent. The analogous products of Expts. 344 and 345 
should likewise be oxidising agents. Give the names of these 
compounds. 

Expt. 348.—The Hypochlorites are Oxidising Agents 

To a solution of manganous sulphate add caustic soda solution. 
A white precipitate of manganous hydroxide appears. Allow the 
precipitate to stand in the air; the portion near the surface of the 
liquid soon begins to darken owing to the formation of manganese 
dioxide. To another portion of the manganous sulphate add some 
of the sodium hypochlorite reserved from Expt. 344. A black 
precipitate of manganese dioxide appears immediately. Repeat 
the experiment, using sodium hypobromite or a solution of bleaching- 
powder, in place of sodium hypochlorite and a solution of cobalt 
nitrate, or ferrous sulphate, in place of manganese sulphate. 

Expt. 349.—^Divalent Manganese oxidised to Permanganate 

Agitate about 20 gm. of bleaching-powder for a few minutes with 
80 c.c. of cold water, then filter off the solid residue. Place the 
solution in a beaker, add a few c.c. of a dilute solution of manganous 
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sulphate, say lo c.c. of 0'iM-MnS04*4H20. Bring the mixture 
to the boil, then remove the flame and allow the precipitated 
manganese dioxide to settle. A deep pink solution of calcium 
permanganate is then seen. 

Ezpt. 350 .—Catalytic Decomposition of a Solution of Bleaching- 
Powder (or other Hypochlorite) 

Bleaching-powder in hot solution, and in the presence of a catalyst, 
suffers decomposition and oxygen is evolved. 

Fit a flask with a one-holed cork and delivery tube leading to a 
pneumatic trough in the usual way, tig. 78. Three-quarters fill 



the flask with a suspension of bleaching-powder—so that the air 
to be expelled is small in volume—use a heaped teaspoonful of the 
powder to every 100 c.c. of water. Add a few c.c. of a solution of 
cobalt nitrate. Black cobaltic hydroxide is immediately formed. 
Warm the mixture gently. Oxygen is evolved in abundance. 

If desired, treat a solution of sodium hypochlorite or hypobromite 
in the same way. 

Expt. 351 .—Chlorine from Bleaching-Powder 

Place a few grams of bleaching-powder at the bottom of a dry 
gas jar. Using a pipette moisten the powder with dilute nitric acid. 
Chlorine is evolved and is easily seen in the jar. Test the gas with 
moistened red litmus-paper. 
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Expt. 352.—Ammonia oxidised with Bleaching-Powder: Preparation 
of Nitrogen 

Ammonia in aqueous solution is oxidised by bleaching-powder 
and nitrogen is evolved. 

2NH3 +3CaOCl2 =N2 +3H2O +3CaCl2 

Fit a flask with a one-holed cork and delivery tube as in fig. 78. 
Make a cold extract of bleaching-powder, sufficient to fill the flask: 
use 20 gm. of powder for every 100 c.c. of water. Agitate the 
powder with the water for a few minutes, then filter the solution. 
Add 10 c.c. of 0-88 ammonia to every 100 c.c. of liquid and com¬ 
pletely fill the flask with this solution. Warm the liquid and collect 
the gas evolved over water. Twenty grams of bleaching-powder 
reacting with its equivalent of ammonia will afford about 1000 c.c. 
of nitrogen. Call attention to the lack of colour and insolubility 
of the gas. Remove the jar of gas from the trough. For a moment 
partially slide off the cover-glass. No browning occurs, therefore 
the gas is not nitric oxide. Plunge a lighted taper into the gas— 
the flame is extinguished. Collect a second jar and shake it with 
lime water. 

The Identification of Nitrogen. —Although nitrogen in small 
quantities is difficult to identify by simple means it is easy to 
recognise in bulk. No other common gas has the same aggrega¬ 
tion of properties, and, if the lime-water test is applied first, the 
whole set of results can be obtained by working with one jar of gas. 


Properties of Chlorates 

Several experiments on chlorates have already been described. 

Expt. 353.—Potassium Chlorate and Sulphuric Acid 

Place a crystal of potassium chlorate of the size of a rice grain 
in a dry test-tube. Add one or two, not more, drops of concentrated 
sulphuric acid. Slant the tube while adding the drops of acid so 
that an appreciable time elapses before the acid, slowly running 
down the tube, meets the chlorate. This affords an opportunity 
of pointing the mouth of the tube in a safe direction before any 
violent action begins. Call the attention of the class to the 
technique of the addition of sulphuric acid to an unknown substance, 
and the reason of the precautions taken. Indeed, the whole 
experiment should be done more as a warning than anything else. 
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Heat the tube in a flame. Chlorine peroxide is evolved, and its 
explosion is safely negotiated. 

Ezpt. 354 .—Magnesium oxidised by Potassium Chlorate 

Mix a saltspoonful of finely powdered potassium chlorate with 
the same amount of magnesium powder. Place the heap on a 
brick, or on a piece of asbestos supported on a tripod. Darken 
the room. Ignite the mass from a distance by means of a taper 
tied on the end of a long stick. Reaction takes place accompanied 
by an instantaneous flash of dazzling flame. 

Expt. 355 .—Phosphorus oxidised by Chlorine Peroxide. E. Frank- 

LAND, 1872 

Place a saltspoonful of crystals of potassium chlorate at the 
bottom of a loo-c.c. measuring cylinder, or other suitable vessel, 
and nearly fill the cylinder with water. Drop on the crystals a 
piece of yellow phosphorus as large as a green pea. By means of 
a thistle funnel run 5 c.c. of concentrated sulphuric acid on the 
crystals—when pouring in the acid have the end of the funnel just 
above the crystals so that no reaction takes place in the stem. 
Chlorine dioxide is evolved, and oxidises the phosphorus, which 
jumps about under the water and bums vigorously. 

Hydrogen Fluoride 

Of the chemistry of fluorine but little can be demonstrated. 
Still, it is possible to prepare hydrogen fluoride in sufficient quantity 
to show its resemblance to the other halogen hydrides and its action 
on glass connecting its chemistry with that of silica. The prepara¬ 
tion of hydrogen fluoride was described by K. Scheele in 1771, but 
was known much earlier. 

Expt. 356 .—Preparation and Properties (Etching) of Hydrogen 
Fluoride 

Support for heating a lead or platinum basin or crucible on the 
ring of a retort-stand. A lead crucible may be made by bending a 
piece of sheet lead into the shape of a basin. 

Cover a watch-glass evenly with wax (beeswax, paraffin wax, or a 
piece of candle). Either melt the wax in a tin, hold the glass with 
tongs, dip it in the wax, then stand it on edge to drain and cool; 
or, rest the glass on gauze and heat it with an almost luminous 
flame ; now rub a lump of wax over the hot glass, then prop up 
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the glass on edge to cool. When the wax is cool, write or draw on 
it with a needle or sharply pointed piece of wood, taking care to 
penetrate the wax and expose the glass. From a thick piece of 
cardboard, a little bigger than the glass, cut a circular opening 
the size of the top of the crucible. Fit the crucible into the opening 
so that its rim is flush with the top surface of the cardboard. Cut 
a similar sheet of cardboard and lay it on top of the first; fasten 
the two sheets with a paper clip. Now, when the glass is placed 
in position the wax is adequately protected from the heat. If 
a basin is used support it on the ring of a retort-stand. From a 
6-inch square of thick cardboard cut a circular hole slightly smaller 
than the top of the basin. Rest the cardboard on the basin and 
the watch-glass on the cardboard. Place a saltspoonful of finely 
powdered calcium or sodium fluoride in the crucible, and add about 
I c.c. of concentrated sulphuric acid. Stir the mixture into a paste 
with an iron nail or a thin glass rod. Fill the glass with water ; 
place it in position on the cardboard and warm the crucible very 
gently; obviously the heat must not be sufficient to melt the wax. 
Leave the glass exposed to the fumes for 5-10 minutes. Then 
remove the glass and before examining it call attention to the fumes 
of hydrogen fluoride and their similarity to the other halogen 
hydrides. Breathe on the fumes, test them with moist red litmus- 
paper, and then with a rod wetted with strong ammonia. As soon 
as this is done submerge the crucible in a large vessel of water, for 
the fuming mass should not be thoughtlessly left, hydrogen fluoride 
being highly poisonous and causing most painful burns. 

As soon as the crucible is safely submerged examine the glass. 
Warm the glass and rub off the wax with blotting-paper, giving a 
final clean with a duster moistened with turpentine. Show the 
etched design. To render it more visible, rub in a little paste made of 
red lead and glycerine, a filling technically used for etchings on glass. 

Ezpt. 357.—Formation and Decomposition of Silicon Fluoride. 

T. Graham, 1844 

Silicon fluoride, formed by the action of hydrogen fluoride on 
sand (and the glass of the preparation flask), is passed into water, 
whereon it undergoes hydrolysis. 

SSiF^ + zHgO = SiOa + 2HaSiF^, 

Fit up an apparatus such as that of fig. 79. The small flask (loo- 
150 c.c.) should be labelled and retained for the experiment because 
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its surface becomes frosted by the action of the hydrogen fluoride. 
Place in the flask lo gm. of calcium or sodium fluoride mixed with 

10 gm. of silver sand. Have a 
long thistle funnel because pressure 
is required to force the gas through 
the mercury. Place the empty 
cylinder D in position, add 
sufficient mercury to cover the end 
of the delivery tube, and then half¬ 
fill the cylinder with water. The 
mercury layer prevents the end 
of the delivery tube becoming 
blocked with precipitated silica. 

Pour sufficient concentrated sul¬ 
phuric acid down the thistle funnel 
to cover the solid mixture and 
w^arm the flask gently. As soon 
as the air has been expelled silicon 
tetrafluoride bubbles through the 
mercury. The silicon fluoride 
undergoes hydrolysis, and much 
of the precipitated silica, going 
into the gas-water interface, forms 
Fig. 79.-Hydrolysis of Silicon ^ ^hite froth. When the 

* phenomena have been sufficiently 

seen, transfer the apparatus to the fume cupboard and pour the 
contents of the preparation flask into a large vessel of water. 

Silicon 

Both crystalline and amorphous silicon can be prepared in the 
lecture-room, the former by the method of Kuhne, the latter by that 
of Gattermann. Kiihne's preparation employs the heat of combina¬ 
tion of aluminium and sulphur and thus introduces the thermit 
process. (A teacher so desirous could here dwell on the thermit 
process and prepare molten iron and chromium or manganese from 
their oxides.) 

Expt. 358.—Prepaxation of Silicon, L. Gattermann, 1889 
Silica is reduced by magnesium. 

SiOfl + 2Mg = Si -f- 2MgO 
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Carry out the reduction in a glass tube so that the class can see 
the reaction. Since the tube is always ruined in the process it is 
as well to work in a test-tube and prepare ojily small quantities of 
silicon at a time. Place an intimate mixture of 3-2 gm. of dry 
precipitated silica (or dry fine silver sand) and i gm. of magnesium 
powder in a small test-tube of ordinary glass, say 5 x | in. Clamp 
the tube—with its mouth pointing in a safe direction—on a 
retort-stand and place an iron tray under the tube. Heat the 
mixture with a good Bunsen flame. In a few seconds fumes appear, 
the next moment reaction occurs with a dazzling flash of light. The 
tube frequently shatters and occasionally sparks are violently 
ejected, but the bulk of the product falls on the iron tray. Using the 
above small amount of mixture the reaction may be carried out on 
the open bench, but those not familiar with the experiment should 
first try it over in the fume cupboard. If desired, when working on 
the open bench protect the hand with a glove and the eyes with 
blue goggles. 

When the mass is cool smash the glass, pick out the best pieces 
of silicon and boil them in a small flask with concentrated hydro¬ 
chloric acid to remove magnesium and magnesium silicide. Between 
the lessons filter off and dry the silicon. Do not wash it with water 
or it may go into the colloidal state ; wash it with hydrochloric 
acid, place in a basin, and dry in an oven. 

Expt. 359,—Oxidation of Silicon 

Support a portion of the silicon on a piece of broken porcelain, 
or on an iron spoon, as in fig. 71. Heat strongly with a Bunsen 
flame underneath and another above playing directly on the silicon. 
The element glows and leaves a white residue of silica. 

Expt. 360.—Interaction of Silicon and Sodium Hydroxide 

Silicon interacts with caustic alkalis, hydrogen is set free, and an 
alkaline silicate formed. Place a portion of the silicon in a small 
flask and treat it with a few c.c. of 50 per cent, caustic potash. 
Warm the flask gently ; hydrogen is evolved and may be ignited at 
the mouth of the flask. The silicon goes into solution. 

Expt. 361. — Preparation of Silicon—Thermit Beaction. K. A. 

Kuhne, 1902 

A mixture of silica, sulphur, and excess aluminium is ignited by 
means of a fuse. Aluminium sulphide forms with an enormous 
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evolution of heat. The silica, thereby raised to a high temperature, 
is reduced by the remaining aluminium. 

Note.—The reaction is accompanied by a large volume of flame 
and white-hot sparks fall over a considerable area. Accordingly, 
the experiment must be done in the open air or in a suitable fume 
cupboard. If the quantities recommended below are used, the 
flying sparks are contained in about a cubic yard of space and the 
experiment may be safely done in a small fume cupboard. 

Should it be desired to perform the experiment on a larger scale, 
a trial should always be first made, with due precaution, in the open 
air. Following the usual recommendations I always used a Hessian 
crucible—which invariably broke—until Irvine Fine pointed out 
in 1931 how simple it was to make a crucible of plaster of Paris. 

Weigh out 8 gm. of aluminium powder, 10 gm. of roll sulphur, 
and 7 gm. of fine silver sand. The materials must be dry. Take 
roll sulphur and pulverise it rather than use the hygroscopic flowers 
of sulphur. Heat the sand on an iron tray for a minute. Heat the 
aluminium carefully in an evaporating basin on a sand-bath for 
several minutes. Then mix the dried materials thoroughly and 
place them in a crucible (see below). Take a 6-inch length of 
magnesium ribbon, coil one half into the shape of a watch-spring. 
Stand the coil on top of the mixture, then cover the coil with 
magnesium powder. Support the crucible on a brick, or other 
suitable object, in the fume cupboard. Darken the room. Ignite 
the free end of the ribbon with a Bunsen flame and close the cup¬ 
board. (If the experiment is done in the open air the class should 
stand at least 2 yards from the crucible.) A violent reaction goes 
on accompanied by a large volume of dazzling flame and the evolu¬ 
tion of many sparks. When the crucible is sufficiently cool, scrape 
the contents into a large beaker of water. The operation must be 
done in a fume cupboard, for hydrogen sulphide is produced in 
torrents by the hydrolysis of aluminium sulphide. Have a jar of 
waste copper sulphate at hand, into which constantly pour the 
water and the lighter particles. Agitate the residue several times 
with water, each time pouring ofi the lighter particles. Occasionally 
the crystalline silicon appears as agglomerated masses as large as 
or larger than green peas. When this occurs, pick out the lumps and 
ignore the residue. Boil these masses in a small flask with dilute 
hydrochloric acid until all entangled aluminium has dissolved. 
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Pour off the acid and pass round the glistening crystals for 
inspection. 

Making a Plaster of Paris Crucible. Irvine Fine, 1931.—First 
make a paper mould. (Irvine Fine, who required the crucible for 
a different reaction, used a glass funnel lined with paper as a mould.) 
Cut a band of stiff paper 3 inches in width. Wind the paper three 
times or more round a small glass tumbler, pasting down the second 
and third layers. To make the base, cut out a circular piece of 
paper of diameter about i inch larger than that of the base of the 
tumbler. Make the paper into a tray by standing the tumbler on 
the middle of it and turning up the overlapping edge. Cut out a 
few triangular sections of the edge so that the tray fits without 
fluting the paper. Paste on the base and allow the mould to dry 
before removing it from the glass. 

Add water to plaster of Paris and knead until the mixture is 
plastic. Then with spoon, spatula, or fingers, work the plaster 
rapidly and uniformly round the inside of the mould, making the 
walls inch thick. Allow a few minutes for the plaster to set, 
then peel off the paper and trim the crucible with a knife or other 
instrument. A crucible so made will withstand several reactions. 

Expt. 362 . — Preparation of Silicon Hydride. L. Gattermann, 1889 

Silica heated with excess of magnesium forms magnesium silicide. 

2Mg + Si = MgjSi 

Magnesium silicide interacts with hydrochloric acid to form silicon 
hydride and magnesium chloride. 

MggSi -f 4HCI« SiH^ + 2MgCla 

Finally, the spontaneously inflammable silicon hydride reacts 
with the oxygen of the air. 

SiH4+202-Si0a + 2H20 

Following the directions of Expt. 358, place in a small test-tube 
of soft glass a mixture of 4 gm. of magnesium powder and 2*5 gm. 
of dry silica. Heat the mixture; reaction takes place with a dazzhng 
flash of light. Break the tube, place the product in a small flask, and 
add dilute hydrochloric acid. Silicon hydride comes off and as it 
meets the air bursts into flame with a sharp pop. The silica appears 
as a white smoke. 

The formation of silicon hydride is easily shown by the neat 
method of Mermet. 
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Expt. 363 .—Formation and Decomposition of Silicon Hydride. A. 

Mermet, 1887 

By the interaction of magnesium and glass (calcium sodium 
silicate) silicon and magnesium silicide are formed. The product 
is treated with dilute acid as in the last experiment. 

Place a i-inch length of magnesium ribbon in a test-tube, say 
5 X I in. Let the magnesium slide to the bottom and rest upright 
against the side of the tube. Heat the tube gently, the ribbon 
flattens and adheres to the wall of the tube. Insert a second piece 
of magnesium about J of an inch from the first and repeat the heating. 
Continue until four pieces have been added. Now heat to redness 
until the magnesium blackens and seems to amalgamate with the 
glass. Allow the tube to cool. Now add a few c.c. of dilute 
hydrochloric acid. A gas is evolved which bursts into flame at the 
mouth of the tube, with the formation of a cloud of silica. The gas 
evolved was therefore an inflammable silicon compound. 

Expt. 364 .—The Formation of Insoluble Silicates: The Silica 
Garden 

Many chemists regard water-glass as a colloidal suspension of 
silica in caustic soda. Solid salts whose metals form insoluble 
silicates react slowly with water-glass. The insoluble silicates 
precipitated in the gelatinous state form plant-like shoots of a 
fantastic and pleasing appearance. 

Dilute a quantity of water-glass (soluble sodium silicate) until the 
density falls to about i*i. Fill a jam jar of white glass or a large 
beaker with the liquid. Drop crystals of salts into different parts 
of the jar. Sulphates of copper, nickel, chromium, cobalt, man¬ 
ganese, and ferrous iron are suitable, add also ordinary alum and 
iron alum. Cover the jar to protect it from dust and allow it to 
stand until next day. Plant-like shoots appear, having the colours 
characteristic of the ions of the metals. 

PHOSPHORUS 

The chemistry of such a reactive element as phosphorus lends itself 
to spectacular illustration, and chemists have expended considerable 
effort in devising experiments to this end. Indeed there is the 
temptation of giving an imdue proportion of time to the study of 
this element, to the neglect of an important one such as silicon. 
The number of sensational reactions, such as that of Expt. 374, 
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MANIPULATION OF PHOSPHORUS 

should be kept low, for while the thrill of seeing them is enjoyed 
and remembered, the chemistry involved may be neglected, being 
difficult or impossible of investigation. 

Several elaborate and effective ways of illustrating some of the 
interesting phenomena, requiring much time in preparation and 
the help of lecture assistants, I have omitted, and I have replaced 
them by simpler experiments. 

Experiments illustrative of the properties of red and yellow 
phosphorus have been given before those dealing with the trans¬ 
formation of these allotropes. Once the properties are known the 
actuality of the transformations is able to be confirmed. It is 
needless to say that the formal work on phosphorus should be 
supplemented by some account of its industrial applications, especi¬ 
ally the manufacture of matches and superphosphate. Literature 
dealing with the history and manufacture of matches is supplied 
free by Messrs Bryant Sc May. 

My colleague, W. Wheatley, follows up the lecture work on phos¬ 
phorus by setting pupils to analyse the heads of dead matches. 
One match-head alone suffices for each test. 

Experiments on phosphorus not given in this section are to be 
found in the following:— 

Treatise on Chemistry, vol. i., by Roscoe and Schorlemmer. 

Chemical Lecture Experiments, by G. S. Newth. 

Chemical News, 1920, 107 , 16, by D. F. Twiss. 

The Manipulation of Yellow Phosphorus,—Yellow phosphorus 
should be stored under water and cut under water. Remove a 
stick from the bottle with tongs and hold it with tongs under water 
contained in a strong vessel such as a big mortar or an earthenware 
trough. If no such vessel is handy cut the phosphorus on a block 
of wood and immediately transfer all pieces to water. Cut an 
evenly shaped piece so that the drying may be quickly done. Dry 
the phosphorus by pressing it firmly with blotting-paper. If the 
phosphorus is held with paper in the fingers while this is being done 
it will easily ignite on a hot summer's day. Therefore rest the 
phosphorus on a block of wood while drying it. Work with yellow 
phosphorus is exceedingly trying on a * heat wave' afternoon, and 
it would be expedient to arrange that such lessons are taken in 
more suitable weather. Deposits of phosphorus on the sides of 
flasks and tubes may be rapidly and safely disposed of by treating 
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them with bromine water, or with an acidified solution of bleaching- 
powder. 

Expt. 365 .—Solubility of the Allotropes in Carbon Disulphide 

In a stoppered cylinder, or bottle, place lo c.c. of carbon disulphide 
and about i gm. of dry yellow phosphorus. The phosphorus soon 
dissolves (phosphorus is exceedingly soluble in carbon disulphide). 
The solution is a dangerous liquid to be left about ; pour it at once 
into a stoppered bottle already labelled ; it will be required in 
subsequent experiments. 

Pour a few drops of the solution on a piece of filter-paper ; the 
solvent evaporates and the phosphorus inflames and kindles the 
paper. Shake a pinch of red phosphorus with 2-3 c.c. of carbon 
disulphide in a stoppered test-tube. No change is observed. Pour 
a drop of the clear liquid on filter-paper ; no combustion follows the 
evaporation of the solvent. 

Expt. 366 .—Kindling Temperature of the Allotropes 

The red and yellow allotropes are heated on a metal lath, the red 
being placed nearer the source of heat. The yellow form is the first 
to ignite. 

Method (a) 

Clamp horizontally a strip of metal 8-12 inches long—a metal 
ruler will serve—so that the free end may be heated by a Bunsen 
flame. Place a small heap of red phosphorus 2 inches, and a piece 
of dry yellow phosphorus 6 inches, from the heated end. Heat the 
free end ; the yellow phosphorus soon inflames ; continue until the 
red ignites—viz. when the temperature reaches 260° C. 

Method (b). J. Emerson Reynolds 
Red and yellow phosphorus are floated in capsules on hot water. 
The yellow form quickly inflames, the red form not at all. 

Almost fill a large beaker with hot water, say at 60® C. Place a 
pinch of red phosphorus in one small capsule and a rice-grain-size 
piece of dry yellow phosphorus in a second. (The aluminium screw- 
stoppers of bottles of tablet drugs make excellent boats when the 
cork linings have been removed.) Place the loaded capsules 
simultaneously on the hot water. The yellow phosphorus soon 
inflames. Heat the water to boiling—the red form remains un¬ 
changed. Touch the red phosphorus with a red-hot iron rod, the 
red phosphorus bums as though it were the yellow variety. 
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Yellow phosphorus, but not the red, is volatile in steam (see 
Expt. 371). 

Expt, 367.—Formation of Phosphorus Chloride 

Place a small piece, rice-grain size, of dry yellow phosphorus in 
a deflagrating spoon and lower it into a jar of chlorine. The 
phosphorus ignites spontaneously and burns with a greenish flame. 
If the chlorine is in excess, a deposit of solid phosphorus penta- 
chloride appears on the sides of the jar. Treat the contents of the 
jar with water and test the solution for chloride and phosphate. 

Expt. 368.—Phosphorus and Bromine 

Place about 10 c.c. of a saturated aqueous solution of bromine in 
a loo-c.c. cylinder and add with a pipette 4-5 drops of bromine. 
The action to be described is violent and the liquid shoots up, hence 
the use of the deep cylinder. Drop a piece of yellow phosphorus 
into the cylinder. The elements combine with flashes of light and 
the liquid is jerked up ; if the phosphorus is in excess the liquid 
becomes colourless. 

Charge the cylinder as before with bromine under its aqueous 
solution and add red phosphorus in small portions to the liquid. 
A violent action takes place, usually unaccompanied by flashing. 
If the phosphorus is carefully added the liquid will go perfectly 
colourless. With a class ripe for the knowledge, test the solution 
for bromide and phosphite. 

Expt. 369.—Yellow transformed into Red Phosphorus 

Yellow phosphorus, with a trace of iodine as catalyst, is distilled 
in an atmosphere of carbon dioxide. 

This experiment, as here described, is simple, rapid, and safe. 

Fill a dry test-tube, say 5 x | in., or of larger dimensions if desired, 
with dry carbon dioxide, and cork the tube. Dry a piece of yellow 
phosphorus, pea-size, and drop it in the tube. Clamp the tube for 
heating and loosen the cork. Heat the phosphorus with a small 
flame ; the element volatilises and condenses to yellow drops on 
the cool parts of the tube. Now press the cork in firmly and allow 
the tube to cool, then pass it round the class for inspection. The 
phosphorus has of course distilled unchanged; a little red phos¬ 
phorus may appear near the heated end of the tube if too high a 
temperature has been used. Fill the tube with bromine water; 
the bromine rapidly and safely reacts with the phosphorus. 
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Now charge a fresh tube with carbon dioxide and phosphorus. 
Pass more carbon dioxide into the tube if you think much has 
escaped during the manipulations. Pick up on a glass rod a tiny 
crystal of iodine, say a flat crystal of the size of the ordinary type 
letter in this book. Deposit the crystal about half an inch from the 
phosphorus by thrusting the rod in the tube and rotating the rod 
when in the desired position. As this procedure has removed some 
carbon dioxide pass some in again for a minute, taking care not to 
push the iodine against the phosphorus. Clamp for heating and 
loosen the cork. Heat the phosphorus rapidly, using a good flame. 
When, in a few seconds, it has completely sublimed, press the cork 
tightly into the tube, and allow the tube to cool. The sides of the 
tube are now coated with a red sublimate, in places brilliantly red. 
Open the cooled tube, and blow out the carbon dioxide with a 
hand-bellows. Touch the red deposit with a rod slightly warmed— 
ix. to less than 200°: no ignition occurs. Now make the rod hotter; 
the red substance ignites. 

Hipt. 370 .—Red Phosphorus transformed to Yellow 

Red phosphorus is distilled in an atmosphere of carbon dioxide ; 
most of the vapour condenses to yellow phosphorus. 

Place o-3~5 gm. of dry red phosphorus in a dry test-tube. Pass 
carbon dioxide into the tube for a minute, then cork the tube loosely. 
Clamp the tube for heating. Heat the phosphorus moderately 
(it distils at 269° C.); the tube becomes full of yellow vapour 
and yellow drops appear on the cooler parts of the tube and 
presently solidify to yellow masses. Remove the flame and press 
the cork firmly into the tube. As soon as the tube is cool pass it 
roimd for examination. The sublimed phosphorus nearest the 
source of heat is usually red, for the velocity of the reverse action 
—the transformation of yellow into red—rises rapidly with the 
temperature. If the red phosphorus is damp it will not completely 
sublime, but a glassy mass of metaphosphoric acid will be left 

Re-clamp the tube on the stand. Touch a small heap of red 
I^iosphorus with a warm iron rod—^no combustion ensues. With 
the same rod touch the sublimed yellow phosphorus—it readily 
inflames. Alternatively, agitate the contents of the tube with 2 cx. 
of Carbon disulphide and pour the solution on filter-paper, as in 
EaEpt 365* See p. 444, where the phenomena described here are 
shown to be of general occurrence. 
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Ezpt. 371 *—The Lummosity of Oxidising Phosphorus 

A jet of phosphorus vapour issuing into the air becomes luminous 
and has the appearance of an ordinary gas flame. 

Fit a small flask, of capacity 100--200 c.c., with a one-holed cork, 
carrying a short length, say i inch, of wide tubing, a bore of | inch 
is suitable. Half-fill the flask with water and boil it for 5 minutes 
to expel the air. Darken the room. Now drop a rice-grain-size 
piece of yellow phosphorus down the tube. The phosphorus vapour, 
escaping with the steam, becomes luminous on meeting the air. 
Let a pupil attempt (the experiment fails) to kindle a taper or a 
spill of paper in the flame. 

The coldness of this flame is well shown by the device of Smithells. 

Expt. 372 .— The Cold Flame of Oxidising Phosphonts. A. 

Smithells 

Phosphorus is vaporised in an atmosphere of carbon dioxide. 
A jet of the vapour, issuing into the air, oxidises 
with a pale green flame of such a low tempera¬ 
ture that the finger may be held in it with 
impunity. Fit up an apparatus such as that in 
fig. 80. Stuff the flask—capacity 200-300 c.c.— 
with glass wool and add two or three pieces of 
dry yellow phosphorus of the size of green 
peas. Darken the room, pass in a fast stream 
of carbon dioxide, and heat the water-bath to 
boiling. A green flame appears at the jet. Place 
a finger in the flame ; allow some of the pupils 
to do likewise. 

Expt. 373.—^Phosphorus not luminous in pure 
Oxygen 

In a dark room phosphorus in air exhibits 
a bright phosphorescence, but in oxygen it 
remains quite dark. 

Have ready several dry gas jars, two of which 
should be full of oxygen. Cut from thick white —"Hi® Cold 

blotting-paper some wide strips which will stand Flame, 

upright in the jars. Moisten two strips with a few drops only of 
the carbon disulphide solution (reserved from Expt. 365). Place 
one strip in a jar of oxygen and cap the jar ; place the other strip 
inn jar of air. Darken the room* The paper in the jar soon 
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becomes brightly phosphorescent, then, as the solvent evaporates, 
the phosphorus ignites and kindles the paper. Meanwhile the 
paper in the jar of oxygen remains unchanged. Remove the cap 
.and bring the paper into the air. The paper immediately ignites. 

Treat a piece of bibulous paper as before with carbon disulphide 
and place it in a jar of air. Place also a small tuft of cotton wool 
moistened with turpentine in the jar and add a glass cover. No 
.phosphorescence appears until the paper is removed from the jar 
into the air. 

The reducing action of phosphorus may be shown in several 
ways: 

Expt. 374.—Explosive Reduction of Potassium Chlorate. B. F. 

Oettel, 1888 

Place less than a level saltspoonful of finely powdered potassium 
chlorate on a piece of filter-paper, supported on a tripod. Moisten 
the heap with several drops of a solution of phosphorus in carbon 
disulphide (1-2 gm. of yellow phosphorus in 10 c.c. of carbon 
disulphide). Darken the room. As soon as the solvent has 
evaporated (1-2 minutes) the mass explodes, with a terrific report 
and a large volume of flame. Select a large crystal of potassium 
chlorate, rub it on the prepared side of a match-box, and ignite a 
gas flame. 

Expt. 375 .— Reduction of Salts by Phosphorus. K. Heumann, 
1876 

Solutions of salts of metals low in the electro-potential series are 
easily reduced by phosphorus with the precipitation of the metal 
and consequent formation of some phosphide. 

Clean a stick of phosphorus by scraping off any coating of the red 
form and immerse the stick in a solution of copper sulphate, o*5M, 
whiefi may be warmed to 30° C. In a few minutes red copper 
(accompanied by black copper phosphide) appears on the stick. 
Allow the experiment to stand until the next lesson, by which time 
the solution will be colourless. With an advanced class show that 
the solution contains phosphoric acid. 

Carry out a similar experiment using silver nitrate in place of 
copper sulphate. A solution of gold, if'available, should also be used. 

Expt. 376.—^Preparation of Phosphoric Oxide 

Stand a small crucible on an ordinary earthenware dinner-plate. 
Rest in the crucible a piece of dry yellow phosphornis—according to 
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the size of the bell-jar to be used. (The oxygen in 5 litres of air 
requires i gm. of phosphorus: if too much phosphorus is taken 
some of the excess turns to the red variety, to the detriment of the 
experiment.) Ignite the phosphorus by touching it with a warm 
rod, then cover the plate with the largest bell-jar available. White 
fumes appear in abundance and settle in white flocks on the sides 
pf the jar. Allow a little time for the product to settle, then rapidly 
gather up most of it and store it in a stoppered tube. Leave 
sufficient on the plate for the deliquescence to be seen. Treat a 
portion with moistened blue litmus-paper. 

Expt. 377.—The Several Phosphoric Acids 

By suitably adjusting the conditions it is possible to show that phos¬ 
phorus pentoxide can react with water to form three different acids. 

PA + HgO 2HPO3 + H2O H4P2O7 + H2O 2H3PO4 

The meta acid forms in the cold, in hot solution passes gradually 
into the pyro, and then rapidly into the ortho at the boiling 
temperature. 

Take a level saltspoonful of phosphorus pentoxide and add it in 
three or four portions to 150 c.c. of cold distilled water. Filter if 
necessary and then divide the solution between three flasks A, B, C. 
Have ready a solution of egg albumen (made by dissolving about 
3 gm. of the dried preparation in 50 c.c. of water, or by slowly 
adding \vhite of egg to ten times its volume of water). Boil A 
vigorously for 10 minutes or more. Place B on a water-bath kept 
just boiling, the contents of the flask will then be at 80-90°. 

The Meta-acid .—To a portion of C add some of the albumen 
solution. Coagulation immediately occurs. To another portion 
add excess of silver nitrate solution (use a 5-10 per cent, solution). 
A white flocculent precipitate appears. (At the low concentrations 
here used the meta and pyro acids give, without previous neutralisa¬ 
tion, a copious precipitate with silver nitrate ; but for the more 
strongly acidic ortho solution it is better to use ammoniacal silver 
nitrate.) 

The Ortho-acid .—When solution A has boiled 10 minutes cool 
a portion and add egg albumen to it. Should coagulation occur con¬ 
tinue the boiling until a trial portion no longer coagulates. At this 
stage treat another portion of the cooled solution with ammoniacal 
silver nitrate—prepared by adding ammonium hydroxide to a 
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solution of silver nitrate until the silver hydroxide first precipitated 
just dissolves. A canary yellow precipitate appears. 

The Pyro-acid .—This is best studied last since at 80-90® the 
complete conversion of the meta-acid requires 20-30 minutes. At 
intervals remove and cool trial portions and treat them with the 
albumen solution. Finally a trial portion does not coagulate 
albumen. Now cool another portion and test it with silver nitrate. 
A white powdery precipitate appears different in form from the 
precipitate given by the meta-acid. 

Preparation of Phosphine 

Phosphine is highly poisonous, therefore its preparation on the 
open lecture bench should be done with certain precautions. 
Actually, if the evolution of the gas is kept under control, but little 
free phosphine gets into the room, since it spontaneously ignites and 
bums to phosphoric acid. The gas remaining in the preparation 
flask should be entirely expelled before the apparatus is dismantled. 

Method (a)— 

Expt. 378 .—The Action of Phosphorus on Caustic Alkali (Gen- 
GEMBRE, 1783). E. F. v. GoRUP-BeSANEZ, 1859-1868 
Fit up an apparatus as shown in fig. 8i. Half-fill the small flask 
with strong caustic soda solution, 30-40 gm. of NaOH per 100 c.c. 



Fig. 81.—Preparation of Phosphine. 

of water. Add 2 or 3 pieces of yellow phosphorus of the size 
of green peas. Place warm water in the trough. Send coal gas 
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through for a minute to expel air from the apparatus; whereon 
close the rubber tubing with a clip. Now heat the solution and, as 
soon as gas begins to come over, adjust the flame so that the rate 
of evolution is about 2 bubbles a second. As soon as the coal gas 
is expelled the bubbles of phosphine take fire on meeting the air and 
form vortex rings of smoke. When the phenomenon has been 
sufficiently seen, remove the flame and expel the phosphine still in 
the apparatus by once more passing coal gas into the flask. 

Method (b)— 

A. G. Vernon Harcourt and H. G. Madan carry out the experiment 
in the following simple way:— 

Put in a small evaporating basin 20 c.c. of water and 10 gm. of 
caustic potash. Add a piece of phosphorus as large as a pea, and 
heat the solution gently on a sand-bath, taking care that the liquid 
does not boil. Phosphine is given off, as in Method (a). Continue 
the heating until the action has finished. 

The remaining liquid, a solution of potassium hypophosphite, has 
powerful reducing properties, and has already been used (Expt. 250) 
to liberate sulphur from sulphur dioxide. 

Method (c)— 

Expt. 379 . —The Thermal Decomposition of Sodium Hypophosphite 

When sodium hypophosphite is gently heated it breaks up and 
yields phosphine. 

2NaH2P02 ^Na^HPO^ + PH3 

Place a few grams of the salt NaHgPOj’HgO in a test-tube and 
heat it gently for a few minutes until the evolution of steam ceases. 
Now slightly raise the temperature: phosphine is evolved, which 
spontaneously ignites and burns fiercely at the mouth of the tube. 

Method (d)— 

Expt. 380.—Hydrolysis of Calcium Phosphide. Irvine Fine, 1931 
CagPa + 6H • OH « 3Ca(OH)3 + 2PH3 

Fit a wide-mouthed 2-oz. bottle with a two-holed cork. Connect 
the bottle to a pneumatic trough by a dehvery tube, the end of 
which should be flush with the bottom of the stopper. Pass 
through the second hole a straight J-inch tube of such a length that 
it reaches to within i inch of the bottom of the bottle and extends 
I inch beyond the stopper. Fill the bottle to within half an inch of 
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the top with hot water. Now drop a small piece of calcium phos¬ 
phide down the wide tube, which immediately cork. A steady stream 
of phosphine is evolved, accompanied by the usual phenomena. 
At the end of the experiment join the wide tube by means of 
rubber to the water supply, turn the water on slowly, and wash 
the contents out of the bottle. 



CHAPTER V 


QUANTITATIVE EXPERIMENTS 

Quantitative analysis supplies that mental stiffening to the 
qualitative phenomena without which much of the study would 
remain merely interesting. 

Quantitative determinations round off and consolidate an in¬ 
vestigation, give precision to the ideas imbibed, and permit of their 
mathematical formulation. Yet, in my opinion, gravimetric 
analysis, except of the rough and rapid variety, is out of place 
in the lecture-room. Indeed it is practically impossible in a 
lesson period of 40-45 minutes to retain the attention of a large 
class of young pupils, to carry out an analysis involving four careful 
weighings, and claim to be teaching at the same time. 

This chapter contains those quantitative determinations suitable 
for an introductory course which lend themselves to lecture demon¬ 
stration. The experiments comprise the determination of densities 
and equivalents, the volumetric analyses of gases, and their quanti¬ 
tative diffusion. The volumetric analyses of gases are unrivalled 
as quantitative lecture experiments: the actions are rapid and 
spectacular, the various volumes are easily seen, consequently, the 
numerical readings are roughly checked by the whole class. Of 
the theoretical importance of the results there is no doubt: the 
class learn at first hand the composition of several important sub¬ 
stances, the laws of chemical combination are deduced, a first 
approach is made to the atomic and molecular theories, and, finally, 
the analysis of water, hydrogen chloride, ammonia, and possibly 
methane, provides an introduction to valency superior to the 
customary method of finding equivalents, assuming atomic weights, 
and working out the ratios. Some of the actual experiments, if 
carried out according to the original directions, require much 
preparation and practice, and even with high manipulative skill 
are dififtcult to perform in the lesson period. Happily, for most of 

299 



800 QUANTITATIVE EXPERIMENTS 

them simple methods giving accurate results have been devised, 
and a selection of these will be given in the present chapter. 

P. Hawkridge, of Clare College, Cambridge, a resourceful lecturer, 
who simplified gas-volume apparatus, writing in 1889 of these 
determinations said: 

‘ The innocency of the pictorial illustration is only equalled by 
the difficulty of its realisation. I think I am right in saying that 
few lecturers attempt these experiments, and yet they would be a 
welcome relief from the wearisome “ Preparation and Properties 
that are the bane of the Chemical Lecture Room.' 

Most of the simple gas experiments devised by Ramsay and 
described in his Experimental Proofs of Chemical Theory (1884) 
have found a place in lecture-experiment literature. In the preface 
of this book Ramsay wrote: 

These comparatively rough methods give surprisingly accurate 
results.' But he was referring to the results obtained by first-year 
imdergraduates who were not pressed for time, and not to those of 
teachers working in front of a class. 

Discussing Hofmann's analysis of ammonia Miss Ida Freund 
observed that she ' has not been able to find anywhere either actual 
numbers obtained or any information as to the accuracy attained 
or the special difficultieip presented, and hence wonders if the experi¬ 
ment is really done as often in practice as it is described in print.' 

These views are undoubtedly overstated. Admittedly, some 
classical experiments are difficult if not impossible to perform in a 
lesson of 45 minutes, and others have an ill reputation for ‘ not 
coming off ' ; but many simple modifications capable of completion 
in the allotted time, and giving results of a satisfactory accuracy, 
have been devised. 

Much of the obloquy under which these determinations lie is 
perhaps due, partly to hazarding a difficult demonstration without 
a private rehearsal, and partly to the extravagant degree of accuracy 
claimed by the originators of new methods. Thus Reiser’s method 
of finding the volume of nitrogen in nitrous and nitric oxides— 
popularised by its inclusion in Mellor's Inorganic Chemistry —^is 
stated by its author to be accurate to o-i per cent. Now Reiser 
collected nitric oxide over water without any previous treatment 
of the water (Mellor substitutes mercury, which makes all the 
(Kfference), but when using nitrous oxide he first saturated the 
containing water with that gas. The claim of attaining an accuracy 



801 


PREPARATION OF GASES 

of 0*1 per cent, under these conditions will not bear the most 
superficial examination. Consider the enclosed volume of nitrous 
oxide contained over its saturated aqueous solution. At one 
surface there is an atmospheric pressure of nitrous oxide, at the 
other the pressure is nil. Consequently there must be a continuous 
passage of gas from the enclosed volume to the atmosphere. Far 
more serious: when, and before, the enclosed volume of nitrous 
oxide has been completely reduced to nitrogen, the consequent 
diminution of the nitrous oxide pressure causes this gas to stream 
out of the water into the nitrogen until equilibrium is reached. 
The experimental directions require the gas to be passed over hot 
copper until no further contraction occurs. It is obvious that if, 
in the nitrous oxide analysis, the directions are faithfully carried 
out the result will be fantastic. 

Another writer, pilloried by Ida Freund, collects and measures a 
gaseous compound over mercury, and its gaseous decomposition- 
product over water at i8°, with no correction for solubility or the 
tension of the aqueous vapour, each introducing an error of 
2 per cent. Yet the result is expressed to the third decimal place, 
suggesting an accuracy of i in 2000. 

It is therefore incumbent on a teacher to have a clear perception 
of what is possible in these experiments and of the accuracy attain¬ 
able. In the hope of removing some misconceptions and affording 
some help, the relevant factors will be examined, so that the limita¬ 
tions of the various methods will be seen. In addition, devices 
will be described and reactions indicated whereby results of a 
reasonable accuracy may be obtained in the limited time available. 

Preparation of the Gases.—The laudable desire to extract from an 
experiment all the value possible causes many teachers to prepare 
the required gases by the methods previously used by the class. 
Thus an opportunity is seized for some necessary revision. 
Frequently a large preparation flask is used so that all may see the 
reaction. The wisdom of this is doubtful. A large flask means 
that much air must be expelled—always a long and difi&cult 
operation. The smallest flask possible is to be preferred. The 
experiment, as far as the class is concerned, is not the preparation 
of the gas, but its quantitative reaction. The introduction of 
much revision, and the concentration on problems of pressure and 
manipulation—always dififtcult for a young class to grasp —serve 
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but to detract from the significance of the experiment. It is 
better— 

{a) to draw the gas from a cylinder if one is available, 
or 

(^) to prepare the gas beforehand and store it in an aspirator or 
gas-holder, 
or 

(c) to use a special preparation method, and a special apparatus 
so that a steady stream of pure gas is obtained. 

Preparation methods, notably those of historic interest, do 
not always afford a pure product. Oxygen is easily obtained in 
quantity, and sufficiently dry, by gently heating potassium per¬ 
manganate. This method of preparation was invariably used by 
Ramsay when he needed a small quantity of oxygen, and is much 
superior to the customary way of using a chlorate manganese 
dioxide mixture. The writer has found in original papers several 
simple reactions whereby small quantities of pure gases may be 
readily obtained. These methods will be found in the appropriate 
sections. 


Filling and Storing Devices 

Unless a special filling device is adopted the least suspected and 
probably greatest source of error arises when preparing and collecting 
a definite volume of gas for the experiment. 

The gas may be collected over mercury, over water, or brine ; 
or the measuring tube may be filled by displacement of air. All 
gases, except chlorine, may be collected over mercury, but the 
quantity of mercury required for satisfactory working precludes 
the use of this method of collection in many schools. Filling a 
tube with chlorine by displacement of air is employed by Freund 
(as a laboratory experiment) and other lecturers. Yet, in my 
opinion, this method of dry-filling is not to be recommended. An 
elaborate apparatus is required, the process is long and wasteful, 
and it is impossible to demonstrate that the experimental tube is 
full of chlorine. Moreover, it is extremely difficult to drive air 
rapidly and completely from an apparatus which consists not only 
of a preparation flask, but, in additioh, two or more wash-bottles. 
If the latter are of intricate pattern the air lodges stubbornly in 
the bends and recesses, and is but slowly removed. Anyone who 
believes in this method should try the illuminating experiment of 
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collecting the reputedly pure gas in a long tube and opening it under 
a solvent. It is far preferable, for lecture experiment, to collect 
chlorine over brine or a saturated aqueous solution of calcium 
chloride. The writer employs the method of Expt. 442 for prepar¬ 
ing and filling a tube with chlorine or other gas which is contained 
over water or an aqueous solution. 

The Three-Way Tap. A, W. Hofmann, 1869.—Many measuring 
tubes are fitted with a three-way tap to facilitate the introduction 
of gases. Of these taps there are several types. The design of 




Fig. 82B. 


Hofmann (1869), with an outlet at the end of the glass plug (fig. 82A), 
is convenient for lecture use. In one position of the tap, a gas 
entering at A must pass out at B ; let us call this position i. The 
tap may be turned so that there is an open channel only between A 
and C—position 2. Thirdly the tap may be turned so that the 
outlets B and C are in communication—position 3. Finally the 
glass stopper D may be turned so that no two channels are in 
communication— i.e, the tap is completely turned off—position 4. 
It is obvious that the jet A may be connected directly to the gas 
supply, the tap placed in position i, and the gas allowed to pass 
out at B, until all the air has been removed from the preparation 
apparatus and delivery tubes. The tap is then turned to position 2] 
whereon the pure gas streams into the measuring tube connected 
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at C. If time allows, a sample tube of the gas issuing from B should 
be collected and tested. 

A new tap should be examined on arrival, because unless it has 
been carefully made it will not function accurately in position 4. 
When Hofmann's tap is turned the glass stopper D moves inside 
the connection rubber BE; this disadvantage is avoided in 
Gallenkamp’s model (fig. 82B). 

It is advisable to get accustomed to the manipulation of a 
three-way tap before using one in a lecture experiment. Fill an 
experimental tube with water, join A of fig. 82A to the coal-gas 
supply, and experiment with the three-way tap. 

The construction of some pieces of apparatus, not fitted with a 
three-way tap, permits of one being joined with pressure rubber. 

When a tube is fitted with an ordinary (two-way) stop-cock 
the action and advantage of a three-way tap may be secured as 
follows:— 

Fill the measuring tube with mercury right up to the tap. 
Connect the jet of the tap with the gas supply. Loosen the stopper 
and allow the gas to issue until it is judged the delivery tube is freed 
from air. Now tighten and turn the stopper so that the gas passes 
into the measuring tube. 

Lubricaals for Glass Taps.—The simplest and probably the most 
widely used lubricant is vaseline; some chemists, however, prefer 
a mixture of vaseline and lard, others a solution of rubber in 
vaseline. 

Several recipes for the preparation of rubber-vaseline have been 
published, a popular one is that of Sir Herbert Jackson: 

Heat in a basin in the fume cupboard 6 parts of ordinary black 
rubber tubing, 5 parts of vaseline, and i part of paraffin wax. Work 
at a temperature high enough to cause evolution of fumes but 
insufficient to bum the mbber. Stir occasionally until the rubber 
has all dissolved. 

Another is as follows:— 

Melt together 16 parts of vaseline, 8 parts of pure mbber (the 
crepe rubber used for soling shoes is suitable), and one part of 
paraffin wax. 

Stop-cocks used for water or aqueous solutions should be frequently 
lubricated. To do this, dry thoroughly both the barrel and the 
glass phsg, then add an almost invisible smear d the lutnicant It 
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seems unnecessary to mention that the orifice should be free of 
lubricant. 

The Aspirator. H. Sainte-Claire Deville. —Deville's aspirator 
is made from two aspirator-bottles (see figs. 14 and 83). Wm. 
Ostwald uses one bottle fitted with a dropping funnel (fig. 84). 
Aspirator-bottles are inexpensive and one or more aspirators should 
always be at hand. To charge an aspirator with gas, cork the tubulure 
opening D (fig. 83), fill the bottle completely with water, stand it 
in a trough of water, insert the cork carrying the tap or rubber 
and clip C, remove D, and fill as one would a gas jar, or through the 
tap as shown in fig. 85. Let the gas stream from the preparation 
apparatus until it is judged that all the air has been removed, then 
pass the gas into the aspirator. Fill the second aspirator-bottle 
with water, add the cork E, carrying the connection tubing, let the 
other end of the tubing lie in the trough of water. Elevate B, and 
allow water to run through the connection tubing until no more 
bubbles of air appear, before joining the two bottles. When gas 
is required, elevate B, open the clip, and let the gas stream out for 
a minute to remove air in C, then connect to the collection tube. 

A Small Mercury Aspirator. F.—When it is required to store 
a dry gas, mercury must be used. Let us call the apparatus 
recommended the ' mercury aspirator.' 

It may be easily made from odd pieces of apparatus which soon ac¬ 
cumulate in a busy laboratory. In most gas-volume determinations 
quite a small quantity of gas is required. The apparatus depicted 
in fig. 86 is economical of mercury. A is made from a discarded 
50-c.c. pipette (a 25-c.c. pipette would serve or an odd bulb tube) 
whose stem has been bent at right angles, and a tap fused on—the 
tap could be replaced by pressure rubber and a strong clip. C is a 
small pear reservoir and B pressure tubing. Filling the container A 
with gas and the delivering of a quantity into a eudiometer are both 
obvious operations. The young teacher should gradually accumu¬ 
late such pieces of apparatus; made at leisure they are a great 
help in times of stress. 

Teaching Note.—A teacher having little free time should carry 
out the operation of preparing a gas required for a subsequent 
quantitative experiment, and store it in an aspirator in front of 
the class. An important quantitative experiment usually requires 
a qualitative approach, which would naturally be taken in the 
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preceding lesson. The preparing and storing could then well be 
done ; the physics and chemistry involved in the process are most 
instructive ; moreover, the class always appreciates work being 
done to ensure the success of a subsequent lesson. 

Cleaning Glass Apparatus.—^Teachers usually have little time 
to check the calibration of apparatus. Indeed this checking is 
seldom necessary considering the accuracy obtainable in rapid gas- 
volumetric experiments. Nevertheless, the apparatus must be clean. 



Ostwald’s Aspirator. 

The best cleansing method, in my experience, is one often used in 
research laboratories. Some hours (or, better, days) before use 
fill the apparatus with a strong aqueous solution of potassium 
permanganate—the more soluble sodium salt is preferable. At the 
end of that time pour off the permanganate and fill the tube with 
dilute hydrochloric acid: this removes manganese dioxide which 
has accumulated round former grease spots. Rinse with distilled 
water. After this treatment no drops of water remain on the sides 
and the wet tube looks perfectly dry. 

The ManipiQation and Cleaning of Mercury, —When working with 
mercury, stand the apparatus in a large wooden tray ; spilt metal 
is then easily collected at the end of the experiment. Should a 
drop of mercury roll on to the floor or the bench, HarcourUs device 
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of gathering the drop with a bent postcard is still the best. A 
mercury-filled tube about to be charged with gas should be raised 
almost to the surface of the mercury in the containing vessel. The 
tip of the delivery tube should be turned up only about a quarter of 
an inch, otherwise a great pressure of gas is required to expel the 
mercury from the bend of the tube. 

The stock of mercury must be constantly cleaned and dried. 



Several elaborate pieces of apparatus have been described for dis¬ 
tilling mercury in vacuo or purif)dng it by electrolysis. For most 
purposes it is sufficient to remove adhering solids by wringing the 
mercury through a linen cloth or sheet of chamois leather, and 
dissolved metals by means of dilute nitric acid. Damp slightly 
a sheet of chamois leather and lay it in a basin. Pour in the 
mercury. Gather up the edges of the leather so as to enclose the 
mercury; twist the bag thus formed and so wring the mercury 
through. 

A scum of matter in an exceedingly fine state of division will 
pass through leather. M. Faraday (1827) removed such a scum as 
follows: Grind up some sugar to a fine powder and place it in a 
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bottle with the mercury to be cleaned. Damp the sugkr by breath¬ 
ing two or three times into the bottle. Agitate the bottle to bring 
the contents into intimate contact. In a short time the dirt is 
adsorbed by the sugar. Fold a large filter-paper into a cone in the 
usual way and place it in a funnel. Pierce 
the tip of the cone with a pin. Pour the 
mixture into the funnel. The mercury runs 
through the paper, leaving the sugar and 
dirt behind. Next place the mercury in 
a strong vessel, such as an earthenware 
trough, where a large surface is exposed 
—for action can take place only at the 
interfacial surface—and agitate it with 
dilute nitric acid (i volume of acid, 6 
volumes of water). 

The mercury may be left in contact with 
the acid for several days, as the mercurous 
nitrate which forms likewise reacts with 
dissolved metals. After this treatment 
wash the mercury two or three times with 
water. Remove as much water as possible 
by draining and the use of blotting-paper, 
then heat the metal in an evaporating 
l^asin to about iio° C. for a few minutes. 
A higher temperature should not be used. 
Fig. 86 .—Small Mercury nor should the metal be subjected to a 
Aspirator. prolonged heating in the open laboratory, 

its vapour is extraordinarily toxic. 

On purchasing Apparatus, —Many so-called standard patterns of 
apparatus (especially the designs of Hofmann) are unnecessarily 
elaborate and wasteful of mercury. I am informed by Professor 
H. E. Armstrong, who attended Hofmann's lectures, and at one 
time acted as his assistant, that Hofmann's demonstrations were 
carried out by his lecture assistant. Dr McLeod. Although full of 
brilliant ideas, apt in arousing enthusiasm in students and in suggest¬ 
ing original lines of work, Hofmann rarely did an experiment himself. 
He would say that his fingers were all thumbs. It is remarkable 
that while such distinguished chemists and teachers as Emil Fischer, 
Ida Freund, B. Lepsius, W. A. Noyes, W*. Ostwald, W. Ramsay, and 
Victor Meyer have simplified one or other of Hofmann's various 
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pieces of lecture apparatus, not one of them has added a single new 
reaction to the selection originally made by Hofmann for the 
illustration of Gay-Lussac’s law of volumes. 

Dealers in scientific equipment rarely keep supplies of the elaborate 
pieces of apparatus figuring in their catalogues. It is the custom 
to make such apparatus when it is ordered. Consequently, it is 
always possible to arrange for modifications of the ’ standard ’ 
pattern ; thus a tube may be shortened, a stopper replaced by a 
tap, ipr a three-way fitted in place of a two-way tap. Tubes for 
the ' bent tube ’ experiment should be of a bore conveniently 
closed by the thumb. Many a reaction is recommended to be done 
in a hard-glass tube when a study of the temperature involved 
reveals that a tube of soft glass would suffice. Not only is soft glass 
inexpensive, but it is easier to work and less likely to crack than bard 
glass. 

When ordering modified or special apparatus it is advisable to 
forward a full-scale drawing and to specify the kind of glass and 
thickness of wall required. If this is not done, the glass-blower, not 
knowing for what the apparatus is required, will seal on a tap or a 
side arm where it seems to him most convenient, maybe at right 
angles to the direction required, and an inch or so too high up. 
Again, if a tap is to have a strong tip, to take pressure rubber, this 
should be stated. 

Solubility of Gases.—Where a gas is collected and measured over 
water, it is usual (and necessary) with a young class to ignore the 
effect of the aqueous tension and to assume the gas is perfectly 
insoluble. This is quite in order provided one realises that the 
experiment is a first approximation and makes no attempt to take 
readings to o-2 c.c. or to work out a result to three significant figures. 


roo c.c. of water at under an atmospheric pressure of the gas 

in question dissolve:— 

Air . , . 

2*15 C.C. 

Hydrogen sulphide . 

3090 c.c. 

Nitrogen 

1-75 .. 

Sulphur dioxide 

496-0 „ 

Oxygen 

3*5 .. 

Nitric oxide . , 

5*4 »» 

Hydrogen 

i'9 .. 

Nitrous oxide 

78-0 „ 

Carbon dioxide 

107-0 „ 

Methane 

3*7 

Carbon monoxide . 

2-6 „ 

Acetylene 

120-0 „ 


It will be seen that the solubility of the so-called insoluble gas 
introduces an error of 2-5 per cent. The extravagant claim of 
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Keiser that it was possible to work with an accuracy of o*i per cent, 
with nitrous and nitric oxides contained over water has already 
been considered. 

The error due to ignoring the pressure of the aqueous vapour and 
that due to the solubility of the gas occasionally counteract each 
other, giving some determinations a specious accuracy. 

The water over which a gas is collected is usually saturated with 
air. The passage of a foreign gas through the water expels this 
air, for each bubble of the foreign gas constitutes an atmosphere 
in which the pressure of the air is zero, consequently air rushes into 
each bubble. This principle is used in research work for removing 
dissolved oxygen from water; yet some workers, taking endless 
pains with the preparation of a pure gas, overlook this factor and 
are puzzled with their inconsistent results. 

Measuring the Volumes.—On a summer afternoon the temperature 
of the air in a crowded class-room may rise by as much as 3° C. 
before the end of the lesson, a difference of temperature which 
involves an error of i per cent. Moreover, the tap water is usually 
below the temperature of the room. Let us consider an expcri*- 
ment under these conditions when the gases are contained over 
water or brine. To attempt, or to pretend, to measure a gas to 
O'l c.c. is to display a decided lack of proportion. If possible, 
a trough of water, and a reserve quantity, should be drawn off 
and allowed to stand in the room for some hours previous to the 
lesson, and the gases should be cooled with this water. Even then 
one can rarely wait sufficiently long to ensure that a gas is at room 
temperature. It is therefore not advisable, especially with a young 
class, to attempt an accurate measurement of the volumes. Measur¬ 
ing the gas columns with a ruler will often suffice. In fact, in my 
opinion, it is far preferable to make use of the visual appeal. A tube 
is filled, say, with ammonia. After treatment with a reagent, 
nitrogen is left. On opening the tube under water the liquid rises 
to the half-way mark. The pupils are impressed and satisfied. One 
mentions that the experiment was carefully, but perforce rapidly, 
done. Some known sources of error could not be eliminated in the 
time available. Famous chemists, with more time and after many 
repetitions of the experiment, also found that the gas contains half 
its volume of nitrogen. To measure the gas and to find that 60 c.c. 
of ammonia yield apparently 29 c.c. of mtrogen is to break the 
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spell, and the result is difficult to explain. The impression is far 
more lasting, and the argument from the result far more scientific, 
if three or four tubes of ammonia are analysed. This is by no means 
difficult, for the tubes may be rapidly filled once the preparation 
apparatus is freed from air. In seeing the water, in tube after tube, 
rising half-way, time is far better spent than in reducing to 
a percentage. 

The Accuracy of the Reaction employed.—It is tacitly assumed, for 
the most part, that the chemical action involved is straightforward 
—namely, that only one reaction takes place, and that this runs to 
completion. Both these assumptions may be wrong, in fact they 
are known to be wrong in several reactions frequently used. When 
sulphur is burnt in oxygen 92 per cent, of sulphur dioxide and 8 
per cent, of sulphur trioxide are formed. Some reactions are known 
to be reversible— e.g. the decomposition of ammonia and of hydrogen 
sulphide by sparking. Again, it is difficult when carbon or other 
reagent is burnt in a comparatively large volume of oxygen, or other 
gas, to ensure that the reaction is complete. We generally assume 
that the decomposition of ammonia by chlorine or sodium hypo- 
bromite is straightforward. Actually the latter reaction has been 
sedulously investigated for the volumetric determination of ammonia 
and it is known that, unless certain conditions are fulfilled, appreci¬ 
able amounts of nitric oxide are formed. Occasional erratic results 
in the analysis of ammonia by Hofmann's method, and a peculiar 
odour in the tube when nitrogen alone should be present, make the 
writer wonder whether or not, under some conditions, side reactions 
take place. 

Conclusion 

From the considerations advanced it will be seen that in some 
gas-volume analyses, under the conditions ruling in a rapid lecture 
demonstration, it is possible to collect and measure a quantity of 
gas to an accuracy of 0-2 per cent., and perform the analysis with 
an accuracy of 0*5 per cent.; while in others, especially where the 
gases are measured over water, and the lesson period is short, the 
accuracy possible is from 2-3 per cent. The results are therefore first 
approximations, and the experiments should be treated accordingly. 

Lecturers of the last generation were aware of these limitations. 
Hofmann graduated his tubes with wide rubber bands ; Ramsay con¬ 
sidered a gas density, determined by simple methods, satisfactorily 
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carried out if the results were within 4 per cent, of the accepted 
value. 

THE DENSITIES OF GASES 

Rapid Weighing.—It is possible in a lesson period of 40-45 
minutes to determine the densities of gases to an accuracy of 
2-3 per cent, by using a rapidly weighing balance accurate to 
0*01 gm. This rapid weighing may be carried out on an ordinary 
student’s balance to which is attached the arrangement devised by 
my former colleague G. M. Grace. This device is illustrated in fig. 87. 



A graduated celluloid scale runs the whole length of the beam of 
the balance. No weight smaller than i gm. is used. The position 
of the rider indicates the fraction of a gram. Each division of 
the scale represents o-oi gm. One weighing occupies less than 
2 minutes. 

Checking the Weight.—In my own procedure I weigh the required 
object, and leave it with the weights on the balance. A pupil 
comes out and checks the weights while I write my reading on the 
blackboard. The class, but not the pupil, for his back is to the 
board, know my reading. He then calls out his reading, which on 
occasions has rightly differed from mine. In this way the class 
share in carrying out the experiment. 

Five simple methods of finding gaseous densities are available, 
and to these convenient names will be given. Three methods 
involve the direct weighing of a gas, and from the methods of filling 
will be called: (i) The Steam-Displacement Method; (2) The Air- 
Displacement Method; (3) The Expansion Method. The remaining 
two are (4) The Indirect Method, and (5) the well-known Vapour 
Density Method of Victor Meyer, 
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I. The Steam-Displacement Method, W. Ramsay, 1884 
This method is suitable only for gases highly insoluble in water. 


Expt. 381 .—The Density of Air 

A small quantity of water is briskly boiled in a large flask. When 
it is judged that the air is completely displaced, the flask is sealed, 
cooled, and weighed. Air or other insoluble 
gas is now admitted and the gain in weight 
found. The volume of air admitted is found 
by adding water from a measuring cylinder. 

Procure a round-bottomed bolt-headed 
flask (500-800 c.c.) and tie a thread to the 
neck so that the flask may be suspended on 
a balance. Fit the flask with a good-quality 
one-holed rubber stopper, of such a size that 
it fits tightly when only a fifth to a sixth of 
its length is pressed in the flask—otherwise 
the stopper may be sucked in so far as to 
make its removal difficult (fig. 88). The 
stopper carries a short length of glass tubing, 
a rubber connection, and clip. Place about 
a I-inch depth of water in the flask, open 
the clip, and boil the water briskly for 7-10 
minutes. Extinguish the flame and imme¬ 
diately close the clip. When somewhat cool 
the flask may be held under running water, 
and thus the phenomenon of boiling under 
reduced pressure illustrated. Dry the flask 
and weigh it. It is often advisable—since 
only a difference in weight is required—to 
remove the left-hand balance pan and stirrup, 
and suspend the flask to the balance hook. 



Fig. 88.-—Density of Air. 
(Ramsay.) 


While the flask is still on the pan unscrew the clip; the silent class 
hear the inrush of air. Reweigh the flask, the difference 0-63 gm. 
for 500 c.c. of air is decided and impressive. Add water from a 
measuring cylinder until the flask is filled up to the base of the 
stopper. Take the temperature of the room and calculate the 
weight of a litre of air. For pupils of 11-12 years of age it is not 
advisable at this stage to introduce the complication of correcting 
for the pressure of the aqueous vapour* The density of any gasi 
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highly insoluble in water, may be found in a similar way, by admitting 
the gas into the exhausted flask instead of admitting air. 

£xpt. 382.—The Density of Carbon Monoxide 

First prepare a supply of carbon monoxide and store it over 
water in an aspirator. 

Preparation of Carbon Monoxide. —Fit up a preparation apparatus 
as in fig. 89, but omit the wash-bottle; use a small flask 100-150 c.c. 
so that there is little air to be expelled. Place about 10 gm. of 
sodium formate in the flask and fill the dropping funnel with 
concentrated sulphuric acid. Do not use a thistle funnel, otherwise 
air gets pushed into the flask with every addition of acid. Run the 
acid in as required, for the gas is easily evolved in the cold. 10 gm. 
of sodium formate will afford over 3 litres of carbon monoxide. 
Therefore collect a litre of gas in jars and burn it to ensure that all 
the air has been expelled from the flask. Now fill an aspirator- 
bottle with water and stand it in a trough of water. Transfer the 
delivery tube to the tubulure at the bottom of the aspirator. When 
the aspirator is filled with carbon monoxide, either detach the 
preparation apparatus and place it in the fume cupboard, or collect 
the remaining gas in jars and burn it. Fill the second aspirator- 
bottle with water and allow this water to stream through the rubber 
connection tubing until this tubing is freed from air. Now connect 
the aspirators by inserting the cork in the tubulure of the bottle 
containing the carbon monoxide (see fig. 83). 

Proceed as in Expt. 381. Expel the air from the flask by means 
of steam, close the clip, cool, and weigh the flask. 

Attach the flask to the aspirator of carbon monoxide and elevate 
the water reservoir. Open the tap of the aspirator, then slowly 
open the clip of the flask and allow the carbon monoxide to stream 
in. Adjust the water levels, then close the clip of the flask. Now 
reweigh. Pour the water in the flask into a measuring cylinder— 
in the fume cupboard. Find the volume of the flask to the level of 
the bottom of the cork. Take the temperature of the room and 
calculate the weight of a litre of the gas. 

Expt. 383.—The Density of Nitric Oxide 

The determination is carried out as for carbon monoxide; the 
gas is prepared beforehand and stored in an aspirator.' 

Preparation of Nitric Oxide. Johannes Thiele, 1889.—Of all the 
methods I have tried for the preparation of pure nitric oxide none 
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affords so easily a stream of the pure gas as that of Thiele. Proceed 
as follows: Use the preparation apparatus of fig. 89, but omit the 
wash-bottle C. Half-fill the flask with crushed crystals of hydrated 
ferrous sulphate and add 
dilute hydrochloric acid (or 
sulphuric acid) 4-6 N until the 
flask is three-parts full—this 
leaves little air to be expelled. 

Prepare in a beaker a quantity 
of a strong solution of sodium 
nitrite, say 50 gm. of the salt 
in 100 c.c. of water (5 =83 at 
20*^ C.). By mouth-suction 
fill the stem of the dropping 
funnel with this solution. 

Pour the rest of the solution 
into the funnel. Warm the 
flask to 30-40° C. and remove 
the flame, for further heating 
is unnecessary. Run in the 
nitrite by drops ; a steady 
stream of gas is evolved. 

When about 200 c.c. of gas Fig. 89.—Preparation of Nitric Oxide, 

have escaped from the flask (Thiele.) 

fill an aspirator as described on p. 305, and carry out the density 
determination as in Expt. 382. 

Expt. 384(a).—The Density of Oxygen: Preparation of Oxygen 

This may be determined similarly to that of carbon monoxide. 
As before, a supply of the pure gas should be obtained and stored 
in kn aspirator. A supply of pure oxygen may be obtained by 
one of the following methods;— 

(1) By the Thermal Decomposition of Potassium Permanganate 

This affords the easiest method I know of obtaining a supply of 
pure dry oxygen. 

The salt decomposes at 240° C., so that the decomposition may 
be carried out in a tube of soft glass. 

Select a tube according to the volume of oxygen required, i gm. 
of KMnO^ yields about 87 c.c. of oxygen at room temperature. 
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(This number is the result of actual experiments. Neither the 
equation usually given—namely, 

2KMn04 = KaMn04 + MnOg + Og, 
which yields 71 c.c. of oxygen at N.T.P.—nor the equation, 

4KMn04 = 2K2O + 4 MnOa + 3O2, 

which indicates 106 c.c. of oxygen at N.T.P., correctly expresses the 
low-temperature decomposition.) When a small quantity of oxygen 
is required three-parts fill a small dry test-tube with potassium 
permanganate, and add a loose but substantial plug of asbestos 
wool—otherwise finely divided solid is carried over. Attach a 
cork and delivery tube. It is evident that with this apparatus 
there is but little air to be expelled. Heat the tube quite gently, 
beginning with the portion nearest the asbestos. 

( 2 ) From a Cylinder of Oxygen 

It was pointed out by Claude in 1910 that cylinders of commercial 
oxygen contained over 3 per cent, of argon and were a convenient 
source of this gas. The boiling-point of argon, ~ 186° C., lies close to 
that of oxygen, - 183° C., consequently, in the rectifying column the 
argon tends to concentrate in the liquid oxygen. In the modern 
process of the British Oxygen Company the argon-rich liquid is 
subjected to further rectifications whereby highly pure products 
are obtained. The cylinders of oxygen * supplied by the above com¬ 
pany now contain 99-5 per cent, of oxygen, and are therefore quite 
satisfactory for use in gas-volumetric experiments. For a density 
determination transfer some oxygen from the cylinder to an aspirator. 

Never connect a cylinder of compressed gas to a wash-bottle 
containing sulphuric acid and then casually turn the key. First 
attach rubber tubing to the cylinder and dip the free end of the 
rubber under water. Now turn on the gas, and adjust the rate of 
flow before joining the cylinder directly to the apparatus. 

Misuse of Cylinders: Warning.—^When cylinders of compressed 
gases are used, opportunity should be taken to call attention to 
the danger of their misuse. The writer has never known of the ex¬ 
plosion of a cylinder in a school, but such accidents are not unknown 
in industry, as may be seen from a pe^rusal of technical periodicals. 

The disaster is invariably caused, in complete defiance of the 
regulations sent out with every cylinder, through oiling or allowing 
♦ Private communication (1933). Chief Chemist, British Oxygen Co. 
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grease to come in contact with the valve. Because of their spec¬ 
tacular effect, examples of vigorous oxidation causing deflagration 
are often shown to students of an elementary course ; furthermore, 
the acceleration of chemical action by increase of temperature, or 
pressure, is likewise frequently encountered. 

The knowledge gleaned from these experiments is next to useless 
if it is not absorbed and applied. When so applied, the principle 
underlying the injunction * Never lubricate the valve ’ becomes 
luminously obvious : combustible matter would creep into the 
cylinder and encounter oxygen under high pressure. 

In these days of motors, powerful mechanical toys, and popular 
scientific papers, amateurs' attempts at welding, and at other pro¬ 
cesses requiring the use of compressed gases, are not unknown. As 
stated, p. 523, when regulations are understood, and seen to be 
reasonable, they are more frequently obeyed. 

( 3 ) By the Interaction of Hydrogen Peroxide and Potassium 
Permanganate (G. Mossler, 1909) 

The action of hydrogen peroxide on potassium permanganate 
affords an easy method of obtaining a steady stream of pure oxygen. 

5H2O2 + 2KMn04 + 3H2SO4 = K2SO4 + 2MnS04 + SHgO + 5O2 

10 c.c. of 2o-volume HgOg react with i gm. of KMn04 to produce 
about 370 c.c. of oxygen at room temperature. Use the apparatus 
depicted in fig. 42 or fig. 89. Pour 20 c.c. of concentrated sulphuric 
acid into 40 c.c. of water and dissolve 3 gm. of potassium perman¬ 
ganate in the cooled mixture. Fill the funnel with this liquid. 
Place about 30 c.c. of 20-volume hydrogen peroxide in the flask. 
(These quantities yield over a litre of gas, multiples of them must 
be used if a larger supply is required.) Adjust the tap of the 
funnel so that the acid falls at such a rate that a steady stream of 
gas is evolved. 

Expt. 384 (b).—The Density of Nitrogen: Preparation of Nitrogen 
The procedure is similar to that of Expt. 382. This gas is 
prepared by heating a solution of ammonium nitrite. Potassium 
dichromate is added to decompose oxides of nitrogen which in 
small quantities are produced in side reactions. Place in a small 
flask, fitted with a one-holed cork and delivery tube, 6 gm. of 
ammonium chloride, 7 gm. of sodium nitrite, 6 gm. of potassium 
dichromate, and 20 c.c. of water. These ^quantities afford over 
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21 litres of nitrogen at room temperature. Warm gently to obtain 
a steady stream of gas. Find the density as in Expt. 382. 


2. The Air-Displacement Method 

A flask, full of air, is weighed. The air is then displaced by the 
gas whose density is desired and the flask again weighed. The 
volume of the flask is found. The difference in weight between a 
definite volume of air and the same volume of the gas is thus known. 
The density of air has been already determined, consequently the 
density of the gas can be calculated. 

The method is particularly suitable for heavy gases soluble in 
water, such as hydrogen chloride and chlorine. It is not suitable 
for oxygen, nitrogen, and carbon monoxide, gases whose densities 
approach that of air, since the rapid and thorough displacement of 
the air is difficult; moreover, the observed difference in weight is 
scarcely appreciable. - 

Expt. 385.—Preparation of Sulphur Dioxide: Density of Sulphur 
Dioxide 

Liquid sulphur dioxide is sold in glass siphons. A stream 
of dry gas is immediately obtained on turning the valve screw. 
Such siphons are a great convenience. If a siphon is not 
available prepare the gas by the action of copper on concentrated 
sulphuric acid. Place about 30 gm. of copper chips in a flask 
fitted with a two-holed rubber stopper, dropping funnel, and 
delivery tube (fig. 38). If excess of sulphuric acid is used the gas 
comes ofl dry, but it is advisable to insert a small wash-bottle to 
mark the rate of evolution. An all-glass structure such as a 
Drechsel bottle or a glass bubbler, as in fig. 63 or fig. 113, is 
convenient: there is little air to be driven out and there are no 
corks exposed to attack. Pour in about 50 c.c. of concentrated 
sulphuric acid and heat the flask. As soon as a feeble evolution 
of gas is noticed lower or remove the flame. The action begins 
at 130® C., and without further external heating the temperature 
may rise to 180® C.; at 200° C. the evolution of the gas is violent. 
The statements in several books that the acid must be almost 
boiling are made and repeated by those who have been misled 
by the effervescence of the escaping sulphur dioxide and have 
never placed a thermometer in the liquid. Keep a small flame-^ 
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which may occasionally have to be withdrawn—under the flask, 
to sustain a brisk evolution of gas. 

Procure a large dry flask, 500-1000 c.c., preferably with a short 
neck, and fit it with a rubber bung, of such a size that it passes only 
a short distance into the flask. Suspend the flask from a balance 
(as Expt. 381) and weigh it. Now pass in the sulphur dioxide, 
using a delivery tube reaching to the bottom of the flask. Have the 
neck of the flask loosely plugged with cotton wool. Let the gas 
pass in as long as the duration of the lesson will allow, 5 minutes at 
least, but 10-15 niinutes if possible. Slowly withdraw the delivery 
tube, so that its place is filled with gas, replace the bung, and weigh 
the flask. 

If the volume of the flask (up to the cork) is known, the weight 
of a litre of the gas, at room temperature, may be calculated ; but, 
wherever possible, the gas should be opened over a solvent so that 
the exact volume entering the flask may be found. This procedure 
has much to recommend it: the obnoxious gas is safely removed, 
more chemistry is introduced, the class become aware of the efficacy 
of the filling process and eagerly await the disappearance of the 
last bubble, or marvel at its smallness: finally, the result is more 
accurate and convincing. Proceed as follows:— 

Fill a glass trough with water (not caustic soda solution) to a 
depth of 3 to 4 inches. Insert the flask and remove the cork. Get 
a helper to bale out some of the water tiU the depth is about 
an inch. Now pour in a beakerful of strong caustic soda solution, 
or add a stick of solid caustic potash—not caustic soda, which dis¬ 
solves but slowly. By adopting this procedure the hands holding 
the flask are not made unpleasant and slippery with the caustic 
soda. Gently sway the liquid in the flask until absorption is 
finished. If the bubble of unabsorbed gas is small, say 1-5 c.c., 
its volume may be neglected. Pour the soda solution out of the 
flask ; fill the flask with water to the level of the cork and find the 
volume of the water by means of a measuring cylinder. 

The process of filling the flask with gas may be done on the open 
bench by using the gas-trap device of Ware (p. 138). In place of 
the rubber bung, fit the flask with a two-holed rubber stopper, 
through which pass the long delivery and a short exit tube, each 
with a right-angle bend. Let the short limb of each bend be about 
I inch long and carry a rubber connection and clip. The flask, 
thus fitted, is weighed. When the flask is full of sulphur dioxide 
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close the clips and weigh. Open one clip under water and proceed 
as before. The densities of the following gases may be similarly found. 

Expt. 386 .—The Density of Hydrogen. K. Heumann, 1876 
Prepare the gas in a Kipp or one of the pieces of apparatus 
described on p. 51. Use a small wash-bottle containing sulphuric 
acid to dry the gas and mark its rate. Select as large a flask, 700- 
1000 c.c. or more, as the balance will accommodate. Hydrogen 
diffuses so rapidly that it is not advisable to have the flask open to 
the air during the filling process; use a two-holed cork and clips 
as described above. As before, remove the pan and stirrup from 
the left-hand arm of the balance; make a harness of cotton ; 
suspend the flask upside down and add weights till equilibrium is 
reached. Keep the flask upside down while passing in the hydrogen. 
On weighing the second time the flask is seen to be lighter ; add 
weights to the base of the flask until equilibrium is reached. This 
experiment is of fundamental importance, but it is difficult to get 
a satisfactory result unless a balance weighing to the third place 
of decimals is used. 

£xpt. 387 *—The Density of Ammonia: Preparation of Ammonia 

The gas may be prepared: 

(a) By heating strong ammonia solution and drying the gas over 
quicklime. Fit up an apparatus as depicted in fig. 129. The small 
(100-150 c.c.) flask contains o*88 ammonia, say 20 c.c. In the 
drying-tower B place lumps of quicklime the size of small nuts. If 
the dr5dng-tower is kept corked when not in use the lime will last a 
long time. Place the density flask, resting on a pad of cotton wool, 
in position on the top of the tower, in place of the burette shown in 
the figure. Heat the liquid very gently, it should not appear to 
boil; remember i c.c. of o*88 ammonia contains 600 c.c. of gas 
and that the gas is evolved rapidly and in great quantity on heating. 
For this reason, and because of the low density, a flask may be 
completely filled with the gas in 5 minutes. The experiment can 
be done quite well on the open bench and the escaping ammonia 
ignored. Slowly withdraw the flask, keeping its mouth plugged 
with the cotton wool. Insert the bung. Care must be taken in 
opening the flask under water, for the ammonia dissolves with a 
rapidity which takes the inexperienced manipulator by surprise. 
The advantage of using a bung which fits tightly with only a small 
fmction its length inside the neck is well seen in this operatioUi 
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Have the trough of water brought to the temperature of the 
room. Insert the neck of the flask well under the water; do not 
pull the cork right out, but pull it gently and sideways over the 
edge of the neck until a small opening is made and water begins to 
enter ; in this way the flow of the inrushing water is controlled. 

If time allows the whole experiment should be repeated. A 
helper could weigh a second flask while the first was being filled. 
The apparatus being now freed from air, the second flask could be 
filled in 2-3 minutes. 

{b) If a lime-tower is not available, a steady stream of dry gas 
may be obtained by slowly dropping strong ammonia solution on 
lumps of quicklime. Place lumps of quicklime, the size of a hazel 
nut, in a 200-c.c. Wurtz flask, and have the' strong ammonia in a 
dropping funnel as in fig. 89. Allow the ammonia slowly to drop 
on the lime ; remember, each drop should cause the evolution of 
about 30 c.c. of gas. 

£zpt. 388 .—The Density of Hydrogen Sulphide 

Follow the procedure in Expt. 385 for the density of sulphur 
dioxide. The operation may be carried out on the open bench by 
employing Ware^s device (p, 139), charging the gas-trap with a 
few spoonfuls of bleaching - powder and several c.c. of dilute 
hydrochloric acid. 

Preparation of Hydrogen Sulphide.—Ferrous sulphide is easily 
decomposed by dilute acids affording hydrogen sulphide in quantity. 
However, commercial ferrous sulphide generally contains free iron, 
which would bring about the evolution of some hydrogen. Accord¬ 
ingly, writers of text-books, unmindful of the degree of accuracy of 
these experiments, frequently suggest antimony sulphide for this 
preparation. The use of antimony sulphide is not to be recom¬ 
mended ; the material is expensive and the interaction with acid 
is slow. It is quite easy to make pure ferrous sulphide. Weigh out 
30 gm. df dean iron filings and mix them with 20 gm. of powdered 
sulphur. Fill a test-tube with the mixture and clamp it at the open 
end on a retort-stand. Heat the closed end until action begins; 
a white glow spreads through the tube without further heating. 
Then carefully break the tube and extract the product. Place 
about 20 gm. in a small Wurtz flask (100-150 c.c.) and insert a 
dropping funnel just as depicted in fig, 89. Fix up the apparatus 
So that the flask may be heated* Plac^ dilute hydrochloric add 

21 
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(l volume of acid and i volume of water) in the funnel. Run in a 
few c.c. only of acid and heat very gently if the stream of g^s is not 
fast enough. Dry the gas by passing it through a large tube of 
calcium chloride. With i gm. of ferrous sulphide about 260 c.c. 
of gas may be prepared. 

After the second weighing open the flask under an aqueous 
solution of copper sulphate. Copper sulphide, insoluble in water and 
dilute acids, is formed. By this procedure all smell of the gas is 
avoided, even after the contents have been poured down the sink, 
the reservoir of which may be strongly acid. 

Expt. 389.—The Density of Hydrogen Chloride 

The procedure is similar to that of Expt. 388. 

Preparation of Dry Hydrogen Chloride. —For quantitative experi¬ 
ments the pure dry gas is most easily prepared by using rock salt. 
Use a small preparation flask ; a dropping funnel may be used, but 
it is not necessary. A Wurtz flask is suitable and easy to manipulate. 
Break the rock salt into pieces the size of beans or hazel nuts. 
Hold the flask aslant and (carefully) slide in the salt piece by piece ; 
use 10-20 gm.; i gm. will afford about 400 c.c. of hydrogen chloride. 
Pour in sufficient concentrated sulphuric acid to cover the salt. A 
brisk action takes place for a minute, due to the loose powder on 
the crystals reacting with the acid. When this preliminary action 
ceases warm the acid until the action is vigorous. Now lower the 
flame and a steady stream of gas will be obtained. The gas comes off 
dry, but a small wash-bottle containing sulphuric acid should be 
added to indicate the rate of flow. Hydrogen chloride is not much 
heavier than air so pass the gas into the density flask as long as 
possible. After the second weighing open the flask under water. 

Expt. 390.—The Density of Chlorine 

Proceed as in Expt. 385. If the determination is done on the 
open bench use Ware's gas-trap, charging the trap with lumps of 
ammonium carbonate covered with a solution of caustic soda, say 
2 N. 

Preparations of the Chlorine. —^A stream of chlorine may be 
obtained by the methods of Expts. 180 and 181. The gas is not 
pure, since commercial manganese dioxide invariably contains 
carbonate. 

Small cylinders of liquid chlorine may be hired or purchased. 
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The cylinders are quite easy to manipulate, and effect a saving of 
time. However, when pure chlorine is required for quantitative 
work I invariably prepare it by the easy and satisfactory method 
introduced by Graebe—viz. the oxidation of hydrochloric acid with 
solid potassium permanganate. 

Preparation of Chlorine. C. Graebe, 1902.—When hydrochloric 
acid is dropped on solid potassium permanganate, pure chlorine is 
immediately evolved. 

2 KMn 04 + 16HCI = 2 KC 1 + 2MnCl2 + 8H2O + 5CI2 

The evolution of gas ceases almost as soon as the addition of acid 
is stopped ; the manipulation is easy and the product pure. Use 
the apparatus depicted in fig. 46. Place about 20 gm. of potassium 
permanganate in the flask and concentrated hydrochloric acid in 
the dropping funnel. Charge the wash-bottle with concentrated 
sulphuric acid. Run in the hydrochloric acid drop by drop; by 
suitably arranging the rate of the fall of the drops a steady stream 
of gas may be obtained, i gm. of potassium permanganate causes 
the evolution of about 350 c.c. of chlorine at room temperature. 

Expt. 391 .—The Density of Carbon Dioxide 

This constant is one of the simplest to find, for the density is 
high, the preparation of the gas is easy, and the excess from the 
filling process may be ignored. 

Prepare the gas from marble chips and concentrated hydrochloric 
acid by means of a Kipp or one of the pieces of apparatus described 
(p. 51). Pass the gas through a wash-bottle of sulphuric acid at 
a brisk rate of 3-4 bubbles a second. After the weighing absorb 
the gas in a solution of caustic soda as described under Expt. 385. 

3. The Indirect Method 

An anhydrous substance, whose thermal decomposition affords 
the gas, is heated until a sufficient volume of the gas has been 
evolved and collected. The loss of weight suffered by the substance 
is found ; thus the weight of a definite volume of the gas is known. 

The method has this merit: the density of noxious gases can be 
determined on the open bench, without the least inconvenience. 
For lecture purposes a large gas-measuring apparatus is required. 
Four of these will be described—viz. Ostwald*s, Barker's, Freund's, 
and the common aspirator. 
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1. Oswald’s Measuring Tube. Wm. Ostwald, 1900 .—Ostwald’s 
apparatus is serviceable for numerous quantitative experiments. 
It is depicted in fig. 90 and needs no detailed description. The 



Fig. 90.*—Ostwald 's Measuring Tube. 


graduated tube A should be large, 300 cx. 
or more. The apparatus is easily home¬ 
made from wide tubing or from two 
burettes, see fig. 98 . The tap C is an 
advantage, but it may be entirely dis¬ 
pensed with or improvised by inserting 
a glass T-piece in the connecting rubber 
D and closing the free arm of the T-piece 
with a rubber and clip (fig. 98 ). With 
Ostwald's apparatus the filling and level¬ 
ling processes are simple and obvious to 
the dass. 



Fig. 91.^Barker"ft 
Volfasoitieter* 


2. Tb» VolgMometor. W. BARlCER.“The apparatus (fig. $i) 
is so named by its inventor. The measuring tube—about 3-5 cm. 

the levelling tube—about 3 feet high—are both graduated 
and fetm one large U^tube so that no rubber is tequhred. The 
straight end of the measuring tube is doied idth a two^ay 
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Any excess of liquid in the levelling tube is run off through the tap 
at the bottom. The measuring tube has a capacity of over 250 c.c., 
and the reservoir at the top of the levelling tube holds over 200 c.c. 
A metal pointer moves along a millimetre scale for determining 
liquid levels in both tubes. The apparatus is filled by closing the 
bottom tap, opening the top one, and then pouring water or mercury 
into the long limb until it reaches the top of the measuring tube. 
Both Ostwald's and Barker*s tubes are eminently suitable for lecture 
experiments, for they are large enough for all to see their working— 
but they require a large quantity of mercury. 

3 . Freund's Apparatus. Ida Freund, 1910.—The apparatus Is 
described on p, 371. Fit a one-holed rubber stopper, through 
which passes a small length of glass tubing, into the absorption cup. 
Attach a reservoir to the apparatus by means of pressure rubber 
(see fig. 117). 

4 . The Aspirator.—An aspirator for the lecture bench should 
be made from a large bottle such as a Winchester quart. For a 



lecture experiment the aspirator is not as convenient and satisfactory 
as either of the measuring tubes just described ; the levelling and 
measuring processes are rough and there is apt to be a pressure 
difficulty. Nevertheless, if the class is to use the aspirator in the 
laboratory its working and manipulation should be shown in the 
leeture*room. Fit up the apparatus as showi in fig. The 
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rubber stopper must be a sound one and must fit the bottle tightly. 
The delivery tube should not be too wide. Have a long piece, 
3-6 inches, of connection rubber D, so that the receiver C may be 
easily raised to adjust the water levels. Fill the aspirator with 
water, open the clip, suck at the end of the delivery tube so as to 
fill it with water, then close the clip. Attach the tube or reaction 
flask. Now slowly open the clip. No water should run out of the 
delivery tube, showing that the apparatus is free from leaks. 
Carry out the experiment. Allow the reaction apparatus to cool, 
and meanwhile ask questions. Raise the receiver until the level 
of the water in it is the same as that of the bottle, wait a minute for 
the water movement to finish, then close the clip. Find the volume 
of water in the receiver by means of a measuring cylinder. 

Teaching Note.—With a junior class it is advisable to ask a few 
questions on the working of the aspirator to make sure its working 
is understood. Also do some illuminating manipulations; thus, 
before starting the experiment proper, remove the reaction tube A 
while the clip D is open. It is sometimes a good plan to imitate 
Boswell and ask stupid questions; they often draw out more valuable 
answers and reveal more truly a student's notion of the working 
of an apparatus than simple straightforward ones. 

Expt. 392 . The Density of Chlorine (using Ostwald's apparatus) 

Pure dry chlorine is readily prepared by the thermal decomposi¬ 
tion of anhydrous cupric chloride, as described in Expt. 515, p. 470. 

In a hard-glass tube fitted with a one-holed rubber stopper and 
short glass tube place 3-4 gm. of anhydrous copper chloride, and 
just beyond it a loose plug of asbestos wool. Pour a saturated 
aqueous solution of calcium chloride—in which chlorine is scarcely 
soluble—into the levelling tube until the liquid nearly fills the 
measuring tube, but see that the level is not above the graduated 
scale. Weigh the^ reaction tube, including the cork and delivery 
tube. Now join the reaction tube to the measuring tube by a short 
rubber connection. In doing so push the ends of the glass tube 
together until they touch, thus a minimum surface of rubber is 
exposed to the action of the chlorine. Adjust the levels of the liquids 
and take the reading. Heat the reaction tube, gently at first, 
then more strongly, until chlorine is evolved. As the gas enters 
the measuring tube, run the calcium chloride solution out at C, or 
lower the levelling tube, so that the liquid is always at atmospheric 
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pressure. When 180-250 c.c. of gas have been collected remove 
the source of heat. When the reaction tube has reached room 
temperature adjust the levels and take the reading. The reaction 
tube now contains chlorine ; it was weighed full of air. Remove 
the cork, attach a piece of glass tubing to a hand-bellows, and with 
this very gently blow out the chlorine. Or use a long glass right 
angle and blow out the chlorine with the mouth. This procedure 
is not necessary if a small hard-glass tube is used and nearly filled 
with the reagent and asbestos. Insert the cork and weigh the tube. 
Take the temperature of the room and calculate the weight of a 
litre of chlorine. 

Expt. 393 .—The Density of Ammonia (using Barker's Volgasometer) 

Pure dry ammonia is readily obtained by the decomposition of 
pentacuprammine sulphate, and a supply of this salt should be 
prepared and stored. 

Preparation of Pentacuprammine Sulphate.—Dehydrate thoroughly 
a quantity of ordinary copper sulphate by heating it in a 
basin to 300-400° C. until a perfectly white product is obtained. 
Place the anhydrous salt in an open combustion tube 9-12 inches 
long and pass a slow stream of dry ammonia (prepared as in 
Expt. 387) over it. Combination takes place with the formation 
of the deep blue cuprammine sulphate. The progress of the action 
can be judged by the blue colour moving along the tube. Much 
heat is evolved, and if the stream of ammonia is too rapid the heat 
will decompose the ammine and black and green patches appear. 
While the action is going on rotate the tube so that the salt tumbles 
about and comes in contact with the ammonia. When the entangled 
excess ammonia has volatilised the product has scarcely any odour ; 
however, it is deliquescent, and must be preserved in a well-corked 
bottle. 

On gently heating the substance decomposes, yielding ammonia 
and an apple-green lower ammine. 

CuSO* • 5NH3 - CuSO* • 2NH3 + 3NH3 

On gently heating i gm. of the compound affords about 300 c.c. 
of ammonia at room temperature. 

On strongly heating the dicuprammine salt decomposes, and the 
complex reaction which takes place never seems to have been 
investigated; cuprous and sulphite compounds are among those 
formed. 
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Proceed as in Expt. 392, charging the tube with 2-3 gm. of 
the cuprammine sulphate. A good-quality test-tube may with 
advantage replace the hard-glass tube. Pour mercury into the 
voigasometer until it reaches about the 30-c,c. graduation in the 
measuring tube. Connect the weighed tube to the jet of the tap 
with rubber and open the tap. Adjust the levels by adding or 
running out a little mercury and take the reading. Heat the 
reaction tube quite gently. As soon as gas begins to enter the 
measuring tube open the bottom tap a little and run out mercury, 
keeping the levels approximately the same in both tubes. When 
i8o~2oo c.c. of gas have been collected remove the source of heat 
and allow the reaction tube to cool. (A test-tube can be more 
quickly and safely cooled than a hard-glass tube.) Adjust the levels 
by adding mercury to the reservoir tube and take the reading. 
Detach the reaction tube, gently blow out the ammonia, as in th^ 
last experiment, before taking the second weighing. 

Expt. 394 .—The Density of Oxygen (using the aspirator) 

Fit up the aspirator as in fig. 92, and ascertain that it does not 
leak. Place about 2 gm. of potassium chlorate in the hard-glass 
tube A and insert a plug of asbestos wool as before. 

Join the weighed tube to the aspirator and open the clip. Warm 
the tube gently for a minute or two, then heat more strongly until 
the salt melts and oxygen is evolved. Sustain the temperature 
until 300-500 c.c. of gas have been evolved. Have a collecting 
vessel which will hold this quantity of water. Cool the reaction 
tube slowly. When it has reached room temperature raise the 
receiver by lifting it sideways (the long rubber connection allows of 
this), wait a minute for the levels to right themselves, then close the 
clip. Find the volume of water by means of a measuring cylinder. 
Detach and weigh the reaction tube and take the temperature of 
the room. 

The experiment is more easily carried out by using silver oxide 
(see p. 339) or potassium permanganate in place of chlorate. These 
substances decompose at quite low temperatures. Consequently 
an ordinary test-tube may be used in place of a hard-glass tube. 
This is a distinct advantage, for it needs’no careful warming up and 
is Jess apt to fracture. 

Place a loose plug of asbestos wool in front of the permanganate, 
otherwise fine particles are carried over by the stream of oxygen. 
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Heat gently the portion of salt nearest the e,$»bestos first, using an 
almost luminous flame. 

Barker* has extended this method, utilising (a) those thermal 
decompositions in which a gas is accompanied by water, and (6) 
those reactions which take place with evolution of a gas when two 
reactants are mixed. 

Expt. 395 .—The Density of Carbon Dioxide. W. Barker 

Method (a).—Place less than i gm. of sodium bicarbonate in a 
hard-glass test-tube, 4-6 inches long, or preferably in a good-quality 
test-tube. Fill the rest of the tube with granular calcium chloride 
held in position between plugs of asbestos wool. Add a cork and 
delivery tube as before and weigh the tube thus prepared. Heat 
very gently so that the evolved gas has time to dry before it enters 
the measuring tube. It is best to collect the gas over mercury. 

Expt. 396 .—The Density of Nitrous Oxide 

It is easy to overheat a small quantity of ammonium nitrate, 
especially under lecture conditions, and so run the risk of an explosion. 
It is far preferable to heat a mixture of equivalent proportions of 
ammonium sulphate and sodium nitrate. Such a mixture gives a 
steady stream of gas and is not affected by overheating. Mix 8 
parts by weight of sodium nitrate with 7 parts of ammonium 
sulphate; both salts should be in fine powder. Two grams of this 
mixture will afford about 300 c.c. of nitrous oxide. Charge the 
tube and proceed as in Expt. 395. The gas should be collected over 
mercury. 

Apparatus for Barker’s Method (b).—^Where the required action 
takes place on mixing two reagents, any simple apparatus is suitable 
in which the reagents can be placed in separate compartments, and 
mixed at will. The familiar device of a small flask (fig. 93) to hold 
one reagent, and a tube, standing in the flask, to hold the other, is 
known to all. The reaction flask (fig. 94) and Ostwald*s reaction 
tube (fig. 95) are likewise well known. If a solid is used it should be 
powdered and inserted in one arm of the tube by means of a short 
thistle funnel or a paper funnel. Barker's reaction tube (fig. 96) 
is somewhat similar to Ostwald's but easier of manipulation. If 
water is formed in the reaction a calcium chloride container must 
be inserted between the reaction and the gas-measuring tubes. 
Where the reaction is known to be vigorous the reagents must be 

♦ W. Barker—Private communication. 
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slowly and gradually mixed. Furthermore, it should be noted that 
the reaction must be allowed to run to completion before the 
apparatus is detached and weighed the second time. Thermal 




Fig. 93, 


Fig. 94.—Reaction Flask. 




Fig. 95.—Reaction Tube. (Ostwald.) Fig. 96.—Reaction Tube. (Barker.) 

decomposition usually ceases as soon as the source of heat is removed, 
but when two reactants are mixed the action ceases only when 
one of them is exhausted. A carefully calculated quantity of one 
reagent must therefore be used. In other respects the procedure is 
similar to the previous experiments. 

Expt. 397 .— ^The Density of Sulphur Dioxide. W. BarkIer 
Place a suitable quantit}^ of finely powdered sodium sulphite into 
one arm of a reaction tube. One gram of NaHSOg yields about 
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240 C.C., and i gm. NagSOg •7H2O about 100 c.c. of sulphur dioxide at 
room temperature. Place 4-5 c.c. of dilute hydrochloric acid (i acid, 
I water) in the other arm. Attach a small calcium chloride tube 
and weigh the apparatus. Join it to the measuring tube as in the 
previous experiment. Tilt the tube so that a small portion of the 
acid runs on to the sulphite. Repeat at intervals so that the gas 
comes off slowly and is not rushed through the calcium chloride 
tube. Warm gently to finish the action. When cool detach the 
reaction apparatus, blow out the atmosphere of sulphur dioxide, and 
take the second weighing. 

The following densities may also be determined by this method:— 

Hydrogen Chloride.—Use rock salt crushed to the size of rice, 
concentrated sulphuric acid, and collect over mercury. One gram 
NaCl with excess of sulphuric acid yields about 400 c.c. of HCl. No 
drying tube is necessary. 

Chlorine.—Use potassium permanganate and hydrochloric acid 
(see Expt. 390), and a drying tube. Collect over mercury or a 
saturated aqueous solution of calcium chloride. 

Hydrogen Sulphide.—Use zinc sulphide or pure iron sulphide 
(Expt. 388) and dilute hydrochloric acid. Include a drying tube 
and collect over mercury. One gram FeS with excess acid will 
afford about 270 c.c, of HgS. 

Carbon Monoxide.—Use sodium formate and excess of concen¬ 
trated sulphuric acid. No drying tube is then required. One gram 
of NaCHOa yields about 340 c.c. of CO at room temperature. 
Mercury or water may be used in the measuring apparatus. 

4. The Expansion Method. W. Barker 

A flask filled with the gas under examination is weighed. The 
flask is then connected with a measuring apparatus such as Ostwald's 
or Barker's. By reducing the pressure a portion of the gas is drawn 
over into the measuring tube. This portion is isolated and its 
volume measured at atmospheric pressure. Its weight is found 
from the loss of weight of the flask. The method is suitable for 
gases of high density. 

Procure a dry round-bottomed flask (500-1000 c.c.) and fit it 
with a two-holed rubber stopper, carrying delivery and exit tubes 
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and clip, as described in Expt. 385. Fill the flask with sulphqr 
dioxide, or other gas whose density is desired. 

Close the clips and weigh the flask. Fill the measuring tube 
(Ostwald's or Barker's, p. 324) with mercury and take the reading. 
Join the weighed flask to the tap of the measuring tube, then 
open the clip and the tap. Reduce the pressure in the measuring 
tube by opening the tap at the base and slowly running out mercury 
until it nearly reaches the bend. Now close the tap and the clip. 
Detach and weigh the flask. Bring the gas to atmospheric pressure 
and read its volume. Take the temperature of the room and 
calculate the weight of a litre of the gas. 

Expt. 398. —Determination of Vapour Density. Victor Meyer, 
1877 

A definite weight of a liquid or solid is volatilised in a vessel full 
of hot air. The air expelled by the vapour of the substance is 
collected, cooled, and measured. 

The standard form of apparatus (fig. 97) is familiar from its descrip¬ 
tion in chemistry text-books. For school use it is better to follow the 
advice of T. S. Patterson (1908) and replace the outer vessel of glass 
by one made of copper. This may now be purchased, or home¬ 
made by brazing a base on a length of wide copper tubing. The 
initial expense of the copper vessel is greater than that of glass, 
but the saving on * breakages' amply repays the outlay, 
Patterson solders a short side arm near the top of the outer tube, 
and he attaches an ordinary condenser to the side arm. This device 
permits of the use of an inner tube much shorter than the standard 
pattern. As a result the apparatus is more compact and more 
easy of manipulation. 

An Improvised Victor Meyer Apparatus.—The idea has occurred 
to several teachers of constructing a Victor Meyer apparatus by 
substituting a Kjeldahl flask for the inner tube and using a 
cylindrical biscuit tin for the hot bath (fig. 98). Such an arrange¬ 
ment works quite satisfactorily. 

Collection of the Air.—The air expelled may be collected in a 
closed tube as in fig. 97, in a burette, by means of Ostwald's 
tube (fig. 98), or in an aspirator. 

Weighing the Liquid. —When carr5dng out the determination as 
a lecture expeifttient the problem of weighing the small quantity 
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of liquid must be solved. Quantities of the order of o*oi gm. cannot 
be weighed with sufficient accuracy on the rapid-action balance 
described on p. 312. To begin the lesson with the liquid already 
weighed is not entirely satisfactory ; and if two weighings to the 
third or fourth place of decimals are carried out in front of the class 
there is a dead period 
while the teacher gives 
all his attention to the 
manipulation. The fol¬ 
lowing method — com¬ 
municated to me by Miss 
A. H. Heap, a student of 
the Oxford Summer Course 
in Chemistry—overcomes 
the difficulty and permits 
of the entire experiment 
being carried out in front 
of the class. 

Instead of weighing the 
liquid its density is found 
beforehand or the accepted 
value taken from a table. 

The number of drops of 
liquid per c.c. delivered 
by a pipette with a fine 
jet is next found. Since 

a well-made l-c.c. pipette — Victor Meyer's Vapour-Density 

will deliver 60-70 drops Apparatus, 

per cx. of a liquid such 

as benzene yfiih an accuracy of i in 60, the weight of one drop 
00146 gnl.—will be accurate to about 1*5 per cent.; easily 
equal to the accuracy attainable had the drop been weighed 
on a fourth-place balance. Moreover, 2 or 3 tubes may be rapidly 
charged with the liquid and, if time allows, the density experiment 
may be repeated, a procedure which is always advisable. 

Place the requisite number of Victor Meyer's bottles in clay or 
plasticine so that they stand erect. Transfer the clay to a beaker 
contjauning cotton wool saturated with the liquid under examination. 
Evaporation from each drop will be reduced in the atmosphere 
of the vapour. Fill a i*c.c. ppette having a fine jet with the 
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liquid and deliver it slowly by drops on to the cotton wool while 


the class count the drops. Repeat the operation if time permits. 



Fig. 98.—Improvised V. Meyer’s Apparatus. 


Deliver from the pipette 
a definite number of 
drops into each bottle. 
Supply the density of the 
liquid and let the class 
calculate the weights in 
the bottles. 

Inserting the Volatile 
Liquid.—The devices pub¬ 
lished for getting the 
bottle into the bottom of 
the inner tube and releas¬ 
ing the liquid are too 
numerous to quote. One 
device is depicted in fig. 
97 . On turning the wire 
handle in the stopper the 
bottle slides off the hook. 
It is needless to say that 
if a tightly stoppered 
bottle is dropped into the 
apparatus the volatile 
liquid often fails to expel 
the stopper. Some 
teachers adopt the simple 
procedure of momentarily 
removing the cork of the 
inner tube and dropping 
in the bottle, having pre¬ 
viously eased the stopper. 
The following procedure, 
due to A. H. Heap, is 
as simple as it is eifiective. 
Close the mouth of the 


Kjeldahl flask or of the inner tube with a two-holed rubber stopper. 
Pass the usual delivery tube through one hole. Through the other 
hole pass a short length of glass tubing of sufficient bore to allow 
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the small bottle to slip through readily. Attach a short length of 
rubber tubing to the exterior end of the glass tube and close the 
rubber with a glass plug. Attach a clip to the rubber (see fig. 98). 
To introduce the little bottle remove the glass plug and slip in the 
bottle, which then rests securely between the plug and the clip. 
When all is ready loosen the stopper—which is easily felt through 
the rubber—open the clip, and let the bottle fall. 

The Actual Operation.—Using either the standard or the impro¬ 
vised apparatus. Benzene, i =0*879 at 20° C., b.p. =80*4® C.: 
acetone, at 20° C., b.p. =56*5° C.: and methyl alcohol, 

d — o*ygS at 20° C., b.p. =66"^ C., are suitable liquids, and preferable 
to ether which is difficult to obtain pure. In the bottom of the 
inner tube place a half-inch layer of mercury or of dry sand to break 
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Found by 
Experiment 

Calculated 
from the M.W. 

0 =16 

Acetylene .... 

1-171 

1-162 

Air. 

1-293 

1-293 

Ammonia .... 

0-771 

0*759 

Carbon dioxide 

1-977 

I -968 

Carbon monoxide . 

1-25 

1-25 

Chlorine .... 

3.22 

3-169 

Hydrogen .... 

0-0898 

0-0898 

Hydrogen bromide 

3-644 

3-611 

Hydrogen chloride 

1-639 

1-629 

Hydrogen iodide . 

5-72 

5*75 

Hydrogen sulphide 

1-539 

1-522 

Methane .... 

0-717 

0-716 

Nitrogen .... 

1*251 

1-250 

Nitric oxide .... 

1-34 

1-339 

Nitrous oxide 

1-978 

1-967 

Oxygen .... 

1*439 

1*439 

Phosphine .... 

1-529 

1-516 

Sulphur dioxide . 

2-927 

2-862 


the fall of the bottle. Place the charged bottle inside the rubber 
tube. Half-fill the tin with water and bring it to the boil. The 
copper tube of Patterson may be charged with amyl alcohol. Wait 
until air ceases to issue from the delivery tube and then place the 
inverted burette charged with water in position, or adjust the levels 
of the Ostwald tube and take the reading. 

Release the bottle and let it drop into the tube. The liquid 
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evaporates and bubbles of air come over ; keep the liquid boiling 
until no more bubbles appear. Close the mouth of the burette with 
a finger and so transfer the burette to a tall cylinder of water. Cool 
the gas (see p. 401), adjust the levels, and read the volume. Take 
the temperature of the water in the cylinder and read the barometric 
pressure. 

As is well known, easily compressible gases show appreciable 
deviations from Boyle's law; consequently, the molecular weights 
of these gases, calculated from the densities, give only approximate 
results. Conversely, the densities, calculated from the accurate 
molecular weights, differ from the experimentally observed values. 

The Diffusion of Gases 

The rates of diffusion of gases depend upon their densities, and 
provide an indirect way of finding a density. Quantitative work 
on gaseous diffusion is difficult to carry out; nevertheless by the 
simple means outlined below, taken directly from Graham's pro¬ 
cedure, the ratio of the rates of diffusion of a few gases relative to 
air may be measured. 

Ezpt. 399 .—The Eates of Diffusion of Hydrogen and Air. E. 

Frankland, 1872 (T. Graham, 1833) 

A definite volume of hydrogen contained in a long tube is allowed 
to diffuse through a porous plug into air. When equilibrium is 
attained the air which has entered the tube is measured. We have, 
therefore, the volumes of hydrogen and air which have passed 
through the plug in the same time. Accordingly the ratio of these 
volumes gives the relative rates of diffusion. 

Take a 20-30-inch length of glass tubing of diameter about 
I inch so that the open end may be conveniently closed with a 
finger or thumb. Fit one end of the tube with a rubber bung. On 
a sheet of cardboard mix a teaspoonful of plaster of Paris with 
water into a plastic mass. Knead the plaster rapidly and thoroughly 
for a minute, and then flatten the mass to a biscuit about an | of an 
intii thick. Without delay cut out a circle of the plaster with the 
open end of the tube, as one would cut out pastry. Push the plug 
gently down the tube, leaving just enough room for the insertion 
of the bung. Select a round stick—^a dowel rod—which fits the tube 
as a piston fits a cylinder, and pass it up the tube to act as a support 
for plug until the piaster sets. Make a little plaster into a 
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thick cream and pour it round the edge where the plug touches the 
glass. Stand the tube in a warm position for a day or two, for the 
plug cannot be used while it is wet. 

When the plug is dry, cork the tube and fill it with hydrogen 
or coal gas by downward displacement of air. Transfer the filled 
tube to a tall cylinder of water and remove the cork. Since hydrogen 
diffuses out more rapidly than air diffuses in, water rises in the tube. 
Depress the tube continuously to keep the water levels constant. 
When movement ceases read the volume of air and work out the 
ratio. 

Coal gas and methane may be used in place of hydrogen. 


THE COMBINING WEIGHTS OF ELEMENTS 

There is no need in the first place, when finding the ratios by 
weight in which elements combine, to refer the values to hydrogen 
as unity. The interrelationships of the combining weights form 
a wonderful and ordered system, whose investigation may be begun 
at many different points. Thus, the thermal decomposition of 
silver oxide (Expt. 401) provides the ratio Ag: 0 . If this ratio 
is found in the lecture-room the class in the laboratory can find 
the ratios Mg: O and Cu: O. Again, the decomposition of water 
or dilute acids by metals permits of the determination of the 
equivalents of aluminium, calcium, magnesium, iron, sodium, tin, 
and zinc. These may be supplemented by finding the ratios Zn, 
or Mg: Ag in the laboratory, thus connecting the values with that 
of oxygen. From the densities of gases and the gas-volumetric 
ratios we find the values H : O; H : Cl; H : N ; C : O ; S : O, and 
H: S. Once more the class can provide a connecting link by 
finding the ratio Cu : S by the synthesis of copper sulphide. Finally, 
hydrogen may be assigned the value i and the various combining 
weights calculated to this standard. 

The equivalent weights of metals which readily liberate hydrogen 
from dilute acids may be found by means of the apparatus described 
on p. 330. Place the weighed metal in the tube and the acid in the 
flask. An Ostwald's tube, of say 300-c.c. capacity, is suitable for 
collecting and measuring the hydrogen. 

A comparatively large quantity of metal may then be used and 
its weight speedily found on the balance already described (p. 312). 
Use any of the following metals 
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Magnesium.—E.W. = 12*2. i gm. of metal liberates about 960 c.c. 
of hydrogen at room temperature. Use 1-2V-HCI or 1-2V-H2SO4; 
a stronger acid solution promotes too rapid an evolution of gas. 

Aluminium.—E.W. =9. i gm. of metal liberates about 1300 c.c. 
of hydrogen at room temperature. Use HCl 2-4V (not HgSOJ. 
Warm the acid gently to start the action, then remove the flame. 
Cool the reaction flask before reading the volume of hydrogen. 

Zinc.—E.W. =327. I gm. of metal liberates about 370 c.c. of 
hydrogen at room temperature. Use 4iV-HCl or H2SO4. First 
test the activity of the metal by a trial experiment on an unweighed 
portion, the purer the zinc the more slowly it dissolves. If the 
zinc dissolves too slowly add a few c.c. of copper sulphate to the 
acid. 

Iron.—E.W. =27*9. i gm. of metal liberates about 420 c.c. of 
gas at room temperature. Use 4N-HCI or H2SO4. 

Tin.—E.W. =59*3. i gm. of metal liberates about 200 c.c. of 
gas at room temperature. Use concentrated hydrochloric acid and 
warm it to start the action. Ordinary reputedly pure tin foil often 
leaves a black insoluble residue. 

Calcium.—E.W. =20. i gm. of metal liberates about 570 c.c. of 
hydrogen at room temperature. Calcium decomposes water, but 
the lime which forms coats the metal and impedes the reaction. It 
is better to use dilute acid, i*oiV-HCl is suitable. Before weighing 
the metal scrape it until the entire surface is bright and silvery. 
The commercial metal is not very pure. 

Expt. 400 .—The Equivalent of Sodium, F. 

Sodium vigorously decomposes water: but the violence of the 
action may be modified by diluting the water with alcohol. Drop 
a small piece of sodium into absolute alcohol or into industrial 
spirit: reaction is comparatively slow. It is evident that by 
suitably mixing water and alcohol the rate of solution of the sodium 
may be controlled. The experiment helps some pupils to realise 
that the combining weight of sodium is independent of the material 
from which the hydrogen is liberated. 

I gm. of sodium liberates about 512 c.c. of hydrogen at room 
temperature. 

Use one of the reaction flasks described on p. 330 in conjunction 
with a measuring tube such as Ostwald*s. Dry, cork, and weigh 
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the small tube which stands inside the reaction flask. Dry a lump 
of sodium with blotting-paper, rapidly cut a cube of the metal of 
the desired size from the interior of the lump, place the cube in the 
corked tube, and weigh. (If the tube holds lo c.c. it contains 2 c.c. 
of oxygen—that is, 0*0026 gm. If 0*5-6 gm. of sodium is taken 
it will combine with the oxygen, introducing an error of less than 
0*5 per cent., which is about the accuracy of the experiment.) Place 
in the reaction flask a mixture of 40 c.c. of alcohol and 20 c.c. of 
water (in summer use 30 c.c. of alcohol to 10 c.c. of water) and stand 
the flask in a trough of cold water. Uncork the weighed tube, 
stand it in the reaction flask, cork, adjust the water levels and take 
the reading. Tilt the flask and so run a little of the alcohol-water 
mixture on to the sodium, meanwhile gently swirl the flask to cool 
the contents. Continue thus until the sodium has all dissolved. 
Adjust the levels and read the volume of hydrogen. Take the 
temperature of the water in the trough and find the pressure of the 
air. The experiment is simple and yields a satisfactory result. 

Expt. 401 .—The Combining Weights of Silver and Oxygen. W. 

Ramsay, 1884 

A definite weight of silver oxide is decomposed by heat and the 
volume of oxygen evolved is found. If the density of oxygen has 
been determined the weight of oxygen evolved can be calculated. 
Otherwise, by weighing the silver produced the experiment may be 
made in addition to furnish the weight of a litre of oxygen. 

Preparation of Silver Oxide.—Conflicting statements about the 
stability of silver oxide appear in the older literature. However, 
in 1926, after a thorough investigation, H. L. Riley and H. B. Baker 
found that in the absence of organic matter the oxide was quite 
stable when heated to moderate temperatures. Prepare the oxide 
by the interaction of barium hydroxide and silver nitrate, using a 
small excess of the silver salt so that the final liquor shall not be 
alkahne. 8*5 gm. of AgNOj require 7*8 gm. of Ba(0H)2’8H20, and 
yield 5*8 gm. of AggO. 

Dissolve 10 gm. of silver nitrate in 50 c.c. of hot water. Pour 
off and reserve a small fraction. Digest 12-15 gm. of barium 
hydroxide (excess is taken because the commercial product is often 
highly impure) with 100 c.c. of hot water and filter the solution into 
the silver nitrate until a trial drop of the liquor in the preparation 
flask is strongly alkaline to litmus. Now add the reserved portion 
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of silver nitrate, and test once more to make sure the liquid is not 
strongly alkaline. Allow the precipitate to settle, and then pour 
off the supernatant liquid. Wash the silver oxide 5 or 6 times by 
decantation with boiling water. Do not filter the silver oxide but 
rinse it into a basin, drain off the water, and heat the basin, below 
100® C., on a water-bath or in an oven until the oxide is dry. 

Place 3~4 gm. of the dried oxide in a test-tube, add a plug of 
asbestos wool, attach the tube to an aspirator or to Ostwald's 
tube, and proceed as in Expt. 392. Heat quite gently, the oxide 
decomposes briskly below 300® C., leaving the silver as a white 
powder. 

I gm. of AggO yields about 50 c.c. of oxygen at room temperature. 

THE QUANTITATIVE COMPOSITION OF WATER 

The quantitative determination of the composition of water as 
an instructional investigation may be made in two ways, which 
can be designated the gravimetric and the volumetric approach. 

The Gravimetric Approach.—The procedure is as follows:— 

(а) Find the ratio of hydrogen to oxygen by weight. 

(б) Determine the densities of hydrogen and oxygen. 

(c) From (a) and (b) calculate the ratio by volume of the con¬ 

stituent gases, 

(d) Support the result of (c) by experimental determinations of 

the gas-volumetric ratio by the explosion method and by 
the electrolysis of water. The volumetric analysis thus 
becomes a confirmation of what is already established and 
shows cogently that the composition of water is always 
the same, however it is determined. 

The Volumetric Approach: 

(а) Determine the ratio by volume in which hydrogen and 

oxygen combine as in (d) above. 

(б) Determine the densities of hydrogen and oxygen. 

(c) Calculate the ratio by weight in which the gases combine. 

The gravimetric approach though more difficult is the more 
educative. The volumetric relation^ may be found by electrolysis ; 
for the result, although based on assumptions impossible to prove 
to a junior class, merely confirms what was already known. It 
is practically imposdble to carry out Dumas* experiment with 
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satisfactory accuracy in a lesson period of 45 minutes. The 
experiment involves much preparation and practice, the manipula¬ 
tion absorbs the whole of the teacher's time and attention, and the 
class see but little. I venture to suggest that those desirous of 
using the gravimetric approach should acquaint themselves with 
Barker's analysis of water. Barker places in a hard-glass test-tube 
a definite weight of hydrated magnesium sulphate, which contains 
a known weight of water, for the class have previously found the 
composition of the hydrated salt. He packs the remaining space 
in the tube with magnesium ribbon. He heats the hydrated salt 
gently and the magnesium more strongly, and thus slowly passes 
steam over the heated magnesium. Hydrogen burns at the mouth 
of the tube and eventually the loss in weight is found. Indeed, 
were the hydrogen collected and measured it would be possible to 
find in the same experiment the weight of a litre of hydrogen. In 
the little time I have been able to give to this experiment I have 
not succeeded in obtaining acceptable results. One difficulty is 
due to the action of magnesium on glass, which causes the tube to 
fracture and involves loss of the voluminous oxide. Nevertheless 
the principle of the experiment is sound, the reaction is visible and 
known to the class, while the apparatus is simple, and the experi¬ 
ment can be carried out in the lesson period. Teachers with spare 
time might well work at this experiment with the aim of improving 
the technique. Reduced iron (p. 39) has no action on glass, and 
I suggest the trial of this material in place of magnesium. 

The volumetric approach only will be described, for in my 
judgment it alone is suitable for lecture demonstration. The 
class see the volumes of gases taken and of the resulting products, 
thus, as it were, taking part in the experiment. Moreover, consider¬ 
ing the rapidity necessary in carrying out a school demonstration, 
the method yields a better numerical result. The gas-volumetric 
ratio may be found by electrolysis only, but the underlying assump¬ 
tions involved are vexatious. It is preferable to use the explosion 
method and support the result by electrolysis. The analysis by 
explosion requires some form of eudiometer, and an apparatus for 
producing electric sparks. The analysis may be carried out over 
water or mercury. 

Eudiometers.—Bunsen's eudiometer (R. Bunsen, 1857), depicted 
in fig. 100, is a stout-walled straight tube, 50-60 cm. long, 2 cm. in 
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diameter, and closed at one end. The sparking wires are bent to 
the shape of a semicircle. The eudiometer is simple to fill, but the 
deep cistern necessary for adjusting the levels requires the use of a 
large quantity of mercury. 

The siphon U-shaped eudiometer (fig. 99), commonly attributed 
to Hofmann, was introduced in 1818 by Dr Ure, the founder of the 

Scottish iodine industry. Faraday, as 
we learn from his Chemical Mani¬ 
pulations, 1827, carried out most of his 
gas analysis with Ure’s apparatus. 
A. W. Hofmann in 1865 merely added 
a tap to the open limb of the appar¬ 
atus (fig. loi). It is remarkable how 
teachers and cataloguers cling to 
Hofmann's cumbersome apparatus 
(see p. 308), often called the standard 
pattern. In later models of Hofmann's 
apparatus the sealed end is replaced 
by a three-way tap, as shown in the 
figure. 

In 1896 P, C. Freer introduced the 
straight eudiometer depicted in fig. 
102. One end carries a three-way tap, 
the other connects with a movable 
reservoir by means of pressure tubing. 
The three-way tap may be placed on 
a small elbow bend if desired (see note 
on p. 308). Then the tap is not heated 
when the explosion tube is enclosed 
in a jacket filled with hot vapour— 
fracture is apt to occur at the junction 
of the tap. The apparatus is compact, 
easily stored, economical of mercury, 
simple to manipulate, and the operations clear to the class. It is 
difficult to see how in general design the eudiometer can be further 
simplified. 

Yates's design (J. W. Yates, 1921), a modification of Freer's, is 
likewise compact and economical of mercury (fig. 103). It has no 
tap at the top, an advantage when the eudiometer is to be heated. 

The graduated limb of any of these eudiometers may be sur- 


Fig. 99. 

Ure’s Eudiometer. 


Fig. ioo. 
Bunsen’s 
Eudiometer. 
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rounded by a wide glass cylinder held in position by cork shives, 
as shown ki fig. 103. The jacket so formed may be filled with cold 
water to keep the gases at a constant temperature, or a hot vapour 



Fig. ioi. Fig. 102. Fig. 103. 

Hofmann’s Eudiometer. Freer's Eudiometer. Yates’s Eudiometer. 


may be circulated in it when it is necessary to work at an elevated 
temperature. 

Several other modifications of the standard forms, all reputed 
to be improvements on the designs of Bunsen and Hofmann, are 
described in the literature. See Magnanini and Venturi, J, Am. C.S., 
1916, 38 , 1203; WooUatt's Universal Eudiometer: Chemical 
Apparatus, Griffin and Tatlock, p. 282; M. J. Stritar, Chem. Zeit., 
P- S60. 





844 QUANTITATIVE EXPERIMENTS 

Striatar bends a short length of the open end of a straight eudi¬ 
ometer to form an obtuse angle. The open end is tapered to take 
pressure rubber. A three-way tap is sealed on the apex of the angle. 
This serves for the entry of gases and also permits of the tubing 
being evacuated. When the eudiometer is used at an elevated 
temperature the stop-cock is not heated. If a eudiometer is not 

available, the simple device of 
E. D. Goddard (1932) may be 
employed. A thick-walled straight 
glass tube—15 to 18 inches long 
—is closed at one end. (The closing 
must be carefully done so that the 
glass is of uniform thickness.) Two 
stout insulated wires are inserted 
into the tube to within one inch of 
the closed end. The ends of the 
wires are freed from the insulating 
material and bent into an arc, so 
that there is a gap of J inch 
between them, simulating the ar¬ 
rangement of the wires in a Bunsen 
eudiometer (fig. 104). When 
teaching a junior class it is in¬ 
structive to show in a preliminary 
experiment that a spark will jump 
Fig. 104. —Goddard's Apparatus, ucross the gap , also to connect a 

sparking plug from a motor-engine 
to the induction coil and to demonstrate the production of sparks. 

The Sparking Apparatus.—Connect the primary terminals of a 
small induction coil to those of a 2-volt accumulator; and the 
secondary terminals of the coil, by thin insulated wires, to the 
platinum loops of the eudiometer. A small coil, say one giving a 
J-inch spark, is suitable. Indeed some authorities believe that 
a spark of high energy may be one of the factors causing the 
fracture of a tube. But a much larger coil may be safely used, 
for, professional gas analysts, who * are constantly doing these 
explosions in a Hempels pipette and other apparatus, advocate the 
use of a coil giving a 2-inch spark. Whenever a large coil is used, 
in this or other experiments, the operator must beware of touching 
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the live wires from the coil, or, in the business of teaching, of even 
bending over the coil when it is working, as an unpleasant shock 
may be received. 

Screening Devices.—Opinions differ on the need and use of 
explosion screens. Some teachers never use them ; while others, 
competent manipulators, never carry out an experiment involving an 
explosion without the use of a screen. A simple device is to wrap 
a towel or dry swab round the eudiometer. The flash can be seen 
through the meshes of a swab. 

G. S. Newth, an experimenter of great resource, emplo5red a simple 
screen. He used two pieces of plate glass, say i8 X24 inches, which 
he joined by means of tapes at the top and bottom. The tapes 
thus acted as hinges ; the screen could be closed like a book, or 
opened to an angle and placed round the apparatus. The edge of 
the wedge faced the class, while the teacher was protected by one 
of the sides. Glass screens are almost always home-made, although 
they may be obtained to order. They consist of merely a sheet 
of strong glass, such as wire glass, set in a suitable frame. 

Preparation of the Gases.—The oxygen may be obtained from a 
cylinder of compressed gas, from an aspirator charged beforehand, 
or, if time allows, it may be directly prepared as part of the ex¬ 
periment. Use Mossler's method, p. 317. When the preparation 
apparatus is freed from air transfer the delivery tube to the trough 
containing the water-filled eudiometer. Alternatively, prepare the 
gas from potassium permanganate as directed in Expt. 384. 

Preparation of Hydrogen.—Hydrogen may be obtained from a 
compressed cylinder. The gas sold by the British Oxygen Company 
contains 99*9 per cent, of hydrogen.*** 

Owing to its great power of diffusing through corks and rubber 
connections, it is not advisable to prepare hydrogen beforehand and 
store it in an aspirator. Prepare the hydrogen in a small Kipp, or 
in the apparatus of fig. 14. Do not use an apparatus having a 
thistle funnel, for air is pushed into the flask with every addition 
of acid. Charge the Kipp with plenty of good-quality zinc—the 
purer the metal the slower it dissolves. Add a few c.c. of dilute 
copper sulphate solution to the acid. A zinc-copper couple is 
formed which promotes a rapid solution of the zinc. Attach a 
Wash-bottle containing water to free the gas from acid spray, and 
♦ Private communication. Chief Chemist, British Oxygen Company. 
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when it is desired to dry the gas add a bottle containing sulphuric 
acid. Let the action go on as long as possible before collecting the 
hydrogen. 

Note on the Explosion of Gases. —What volumes of hydrogen and 
oxygen should be introduced into the eudiometer ? Writers often 
recommend the use of electrolytic gas, but this rather savours of 
suggesting the composition of water and then verifying it. I think 
it preferable to introduce the gases separately, repeating the 
experiment if possible, and varying the proportions. 

Some teachers, unduly apprehensive of an accident, introduce only 
3-4 c.c. of mixed gases into the eudiometer. Such a procedure seems 
a travesty of a lecture experiment. 20-30 c.c. can be safely exploded 
in a good-quality eudiometer. Hofmann used 20-30 c.c. of electro¬ 
lytic gas and did not reduce the pressure before sparking. The 
writer and his colleagues, working with 20-30 c.c. of mixed gases, 
used the same straight graduated Bunsen eudiometer several times 
a year for fifteen years before the tube was accidentally broken. 
Eudiometer tubes made just after the Great War were of poor 
quality, several came to grief the first time a spark was passed. 

The quantity of oxygen to be added to combustive gases to 
prevent the explosion being too violent, and at the same time 
to ensure that combustion is complete, has been thoroughly in¬ 
vestigated by professional analysts. Their conclusions may be 
summarised as follows :— 

When the gases are at about half atmospheric pressure the 


following mixtures should be used: 

Volume 

Volumes of Oxygen 

Hydrogen 

I 

1*5 

Carbon monoxide . 

I 

1*5 

Methane 

I 

5*0 

Ethane .... 

I 

10*0 


The Gas-Volumetric Composition of Water 

Ezpt. 402.—Method (a)—Working over Water and using Bunsen’s 
Eudiometer 

Fill the eudiometer with water and place it in position in the 
pneumatic trough. Pass in 10-20 c.c. of oxygen in the way already 
detailed. Close the tube with a thumb and transfer it to a tall 
cylinder of water. Adjust the levels and read the volume. In a 
similar way introduce 10-15 c.c. of hydrogen. Transfer the eudi- 
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ometer to a glass mortar full of water and clamp the eudiometer 
hard down on a rubber pad—a slice half an inch thick from a rubber 
bung or a big piece of ordinary pencil eraser is quite suitable. It is 
better not to clamp in the usual way, but to place the clamp above 
the tube as shown in fig. 104. Place the screen in position and pass 
the spark. After the flash wait a moment and then pass several 
sparks to show that action is complete—/.^, one gas only is now 
present. Release the eudiometer from the pad and allow the water 
to rise. Adjust the levels as before and read the volume. Invert 
the tube and show that the residual gas is oxygen. As everything 
is ready the eudiometer should be charged again and the experiment 
repeated. 

Using Goddard’s Apparatus 

This apparatus has already been described, and is depicted in 
fig. 104. The comparatively large space occupied by the leads 
precludes an accurate reading of the volumes, therefore electrolytic 
gas must be used. Fill the eudiometer tube with water and invert 
it over a large trough. Bind the insulated leads neatly together so 
that they keep their shape, slant the tube as much as possible, and 
pass in the leads. Now clamp the tube in the upright position. 
Prepare electrolytic gas in a nickel voltameter as directed on p. 350, 
and pass in sufficient to fill the eudiometer half-way. Clamp the 
tube as directed above, and pass a spark. A second spark 
cannot be passed because, owing to the obstruction caused by the 
leads, the tube does not fit air-tight on the pad, consequently the 
water rises and covers the spark gap immediately the first spark is 
passed. When electrolytic gas is used a small bubble is usually 
left after the water has risen. 

Expt. 403.—Method (b)—Working over Mercury 

Use the straight eudiometer of Freer or of Yates or the siphon 
eudiometer of Hofmann. 

To Charge the Eudiometer 

Freer’s.—Pour mercury into the reservoir, turn the three-way 
tap to position 2 (see p. 303), raise the reservoir and thus fill the 
apparatus completely with mercury. Now turn the tap to position 
I and connect with a supply of oxygen. Let the oxygen stream for a 
few seconds through the tap. Change the tap to position 2 and 
allow 10-20 C.C. of oxygen to enter the eudiometer. Close the tap, 
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adjust the levels, and read the volume. In a similar way introduce 
10-15 c-c. of hydrogen. 

Yates’s.—Remove the pressure rubber and cup, and close the 
tap B. Hold the eudiometer with the mouth of A upwards and 
pour in mercury until the apparatus is full. The tap A has an 
exceptionally wide bore to facilitate the entry of mercury and exit 
of air. Close the tap A, close the mouth of A with the thumb and 
invert the eudiometer in a vessel of mercury. Attach the pressure 
rubber and cup T and fill them with mercury. Place the oxygen 
delivery tube under A and open the tap: gas enters and displaces 
the mercury. Adjust the levels and read the volume. 

Hofmann’s.—^The improved design having a three-way tap is 
filled in a similar way to Freer's. Adjust the levels by slowly 
running mercury out of the lower tap C. When the eudiometer is 
of the simple design with no tap at A it is filled as follows:— 

Pour mercury into the limb B until the apparatus is half-full. 
Now incline the apparatus so that the air trapped above A is 
released, and add mercury until the apparatus is full. Slowly run 
out the mercury until the tap C is just covered. Use a long delivery 
tube terminating with 2-3 inches of pressure rubber. 

When the delivery tube is in position it reaches to the bottom 
of B and the rubber negotiates the bend. Let the oxygen stream 
through the delivery tube for some time before placing it in the 
apparatus. Then admit 10-20 c.c. of oxygen. Adjust the levels 
by opening C and slowly running out mercury. In a similar way 
admit the hydrogen. 

Passing the Spark.—Now lower the reservoir of Freer's eudiometer 
as far as safely possible so that the gases are under reduced pressure. 
With Yateses apparatus close the tap A and open B. Run the 
mercury out of Hofmann’s apparatus until the height of mercury 
above the tap is about 6 inches, and add a cork to the open limb. 
Hold this cork in when the spark is passed. Pass the spark. Allow 
the residual gas to cool, adjust the pressure, and read the volume. 
Identify the gas as before. 

£zpt. 404.—The Composition of Steam' 

This determination has the reputation of being diflScult; actually, 
if suitable apparatus is available and some preparations made— 
‘which need not be repeated in subsequent experiments—it is 
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comparatively easy. Of its fundamental importance and spec¬ 
tacular appeal there is no need to speak. 

The principle of the determination is simple. Electrolytic gas 
is introduced into a eudiometer tube, which is kept above ioo° C. 
After a spark has been passed, the steam produced is seen to occupy 
two-thirds of the volume of the gaseous reactants. It is obvious 
that both the mercury and gases must be thoroughly dry. Since it 
is difficult to keep the temperature of the eudiometer constant and 
to adjust levels and to see readings through the heating jacket, it is 
advisable to use electrolytic gas (i.e, the mixture of hydrogen and 
oxygen obtained by the electrolysis of water), instead of introducing 
each gas separately. 

The eudiometer is enclosed in a wide glass cylinder, which extends 
almost the whole of its length. The cylinder is held in position by 
corks. The vapour of a liquid boiled well over ioo° C. is made to 
circulate through this jacket. The liquid usually recommended 
for this purpose is amyl acetate (b.p. 132° C.). Shenstone (1900) 
used aniline (b.p. 184° C.); toluene (b.p. 110° C.) has also been 
recommended. The use of any of these liquids necessitates a con¬ 
denser being attached to the vapour jacket; moreover, a boiling 
inflammable liquid is an unnecessary source of anxiety. Finally, 
in an elementary experiment, it is not wise to comphcate the 
apparatus unduly. For all such experiments I use an aqueous 
solution of calcium chloride : 50 gm. of anhydrous CaClg dissolved 
in 50 c.c. of water. This hquid boils at 128° C. and the superheated 
steam rapidly heats the eudiometer to, and keeps it at, 100° C. for 
some time. The temperature then slowly rises. Accordingly in 
the short time occupied by the experiment the temperature will 
be as good as constant. No condenser is needed. Insert a small 
right-angle bend through the bottom cork of the jacket to admit 
the steam and another through the top cork, through which the 
steam passes into the room. 

Use Freer's, Hofmann's, or Yates's eudiometer, and fill it with 
dry mercury (see p. 348). Place 50 gm. of anhydrous calcium 
chloride and 50 c.c. of water in a small flask fitted with a one-holed 
cork and delivery tube. Connect the flask to the jacket. Boil the 
solution briskly ; in 5 minutes the inside of the eudiometer will be 
just above 100® C. Introduce 20-30 c.c. of dry electrolytic gas, 
wait one minute for it to attain the temperature of the eudiometer, 
then adjust the levels. Indicate the volume by chalking a mark 
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on the jacket, or slipping a rubber band round the cylinder. Lower 
the mercury reservoir as before, to reduce the pressure, and pass a 
spark. Again adjust the pressure and indicate the mercury level 
with a chalk or rubber band. The steam should occupy two-thirds 
the volume of the original gases. Finally, allow the apparatus to 
cool; the gas condenses to a minute volume of water, showing that it 
was water vapour. 

The Luminosity of Flame.—Wait until the lesson is finished so 
that the class is not distracted by the raising of the point and then 
ask about the appearance of the flame which accompanied the 
explosion. Several will rightly recall that a dazzling white flash was 
seen, by no means resembling the flame of hydrogen burning in oxygen. 
Exhort the pupils to make a mental note of the phenomenon until 
the time comes to study explosions. Combustion under pressure 
is of course one of the conditions giving rise to a luminous flame. 

Preparation of Electrolytic Gas (Oettel). —Electrolytic gas may 
be prepared by the electrolysis of dilute sulphuric acid, using 
platinum electrodes, but, unless the current density is kept below a 
limiting value, ozone will be formed in appreciable quantities, 
ruining the rubber connections and upsetting the composition of 
the mixture. The gas is better prepared by the electrolysis of 
caustic soda solution with nickel electrodes as suggested by Oettel. 

An Oettel voltameter may be purchased, but it is quite easy to 
make one which will last a lifetime without any attention. 

Select a wide-mouthed bottle, 4-6 inches in height, and fit it 
with a one-holed rubber stopper, through which passes a delivery 
tube. Cut the electrodes from sheet nickel, making them big in 
order to obtain a fast stream of gas. Cut strips of metal, say 
2J-4 inches in height, and long enough to coil into cylindrical 
electrodes. Stand one electrode inside the other and prevent their 
touching by placing a piece of wide glass tubing—an even piece 
broken from a measuring cylinder, a small beaker whose base has 
broken off evenly—or other such insulator, between them. Fasten 
stout nickel wires to each electrode. Pierce a hole in the stopper 
for each wire, using a strong needle or other such slender sharp- 
pointed instrument. Pass the wires through the holes and attach 
binding screws to the free ends. If the holes are cleanly made the 
wires will fit gas-tight, otherwise a little Faraday's cement must be 
added. 
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Cover the electrodes with a solution of 15 gm. of caustic soda in 
100 c.c. of distilled water. Pure caustic soda which must especially 
be free from chloride should be used, and a current of 0*5-0*6 
amperes. Let the current pass for 15-20 minutes to expel air from 
the voltameter before any gas is collected. 


The Electrolysis of Water 

The electrolysis may be carried out in the easily assembled 
apparatus about to be described, or in one of the more elaborate 
voltameters such as that of Barker (Expt. 406) or that of Hofmann 
(Expt. 407). 

A Home-made Voltameter.—A useful voltameter for the lecture- 
room is easily made from a U-tube with side arms (fig. 105). 
Purchase or select a U-tube having the arms close together so as to 
lessen the resistance to the electric current. Dehvery tubes may 
be fused on to the side arms or joined with rubber. Platinum 
electrodes are desirable. Have the tube 4-6 inches long, according 
to the platinum foil available. Weld platinum wires to the foil as 
described in Expt. 461, p. 426. 

The free ends of the platinum wires must now be passed air-tight 
through the corks. There are several ways of doing this; two 
commonly used methods will be described. 

(a) An exceedingly simple way is to thread the wire on a needle 
and draw it through a bark cork. The arrangement will be air¬ 
tight. It is a little difficult to get a thin needle cleanly and axially 
through a rather big cork. First roll the cork, then fit it firmly in 
its position in the tube to see how it sits. Now remove the cork 
and cut off unnecessary length, thus reducing its size almost about 
one half. Hold the cork firmly down on a soft surface, grasp the 
needle with a pair of pliers and pass it through the cork. Pull it 
through by grasping the pointed end. 

A rubber stopper is a little more troublesome because it holds 
the needle so tightly. As before, cut off superfluous length. Do 
not thread the needle until most of its length has been pulled 
through the bung. Hold the bung down, as with the cork, grasp 
the needle with pliers, make it almost red-hot in a flame, and then 
pierce the cork. Draw the needle through until only the eye 
protrudes ; thread the wire and pull it through. 

{b) Each limb of the U-tube is closed with a one-holed cork. 
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through which passes the sealed end of a short length of quill 
tubing. The platinum wire is passed through the sealed end of 
the tube. A f^ew drops of mercury are poured into the tube and 
connection made by dipping the end of a lead into the mercury. 
Merely to pass a platinum wire through a thin-walled tube is not 
satisfactory. The platinum is insufficiently gripped; it must be 
held by more length of glass. Proceed as follows : Take a length 
of quill tubing and heat the middle in a Bunsen flame while rotating 
the tube on its axis. Avoid drawing out the tube while doing this, 
if anything compress the hot portion slightly. Heat and rotate 
the tube until the soft thickening walls of the hot portion almost 
coalesce. Now remove the tube from the flame and slowly pull 
out the hot portion until it has increased in length by about i inch. 
A thick-walled capillary is thus obtained. Cut the tube at the 
capillary. Insert the platinum wire so that it extends inside the 
tube about a J inch beyond the capillary. Heat the capillary in the 
flame until the glass thoroughly fuses and adheres to the platinum. 
Expt. 405 .—The Electrolysis of Water 
(a) Using the Home-made Voltameter (flg. 105) 

Remove the corks carrying the electrodes and close the side 
arms with a finger and the thumb of the left hand. Use rubbers 



and clips if the tube is too big for the hand. Now completely fill 
the U-tube with 2-4N sulphuric acid. Insert the corks carrying 
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the electrodes. If the delivery tubes are joined with rubber suck 
one delivery tube full of water, close the lower end with a finger, 
or procure the help of a pupil, and attach the upper end to the 
side arm. Repeat with the second delivery tube. The apparatus 
is thus entirely free of air. Connect the electrodes with the source 
of electricity, the lighting circuit (see p. 424), or 2 or 3 accumulators 
in series. 

Have ready in each of the troughs a long tube, closed at one end, 
filled with water ; burettes are suitable. Switch off the current, 
place the tubes in position, turn on the current, and 
collect the gases. When a satisfactory volume is present, 
switch off the current. There is no need to measure 
the volumes accurately; the class can see they are 
2:1. Remove the tubes and identify the gases. If 
time allows repeat the experiment, especially if the 
class are not going to do the experiment in the labor¬ 
atory. 


Expt. 406 .—The Electrolysis of Water 
(b) Using Barker's Voltameter. W. Barker 

A simple compact voltameter, built of replaceable 
parts and requiring no reservoir, has been described by 
Barker. It is depicted in fig. 106. The outer cylinder 
is fitted at the base with a rubber bung, through 
which pass the electrodes, and a tube, closed with a 
stop-cock. The graduated measuring tubes stand over 
the electrodes and rest on the rubber bung. The top 
end of each tube is closed with a stopper, the open end 
at the bottom has a depression in the rim to facilitate 
the entry of the electrolyte, A cork shive, suitably 
bored, keeps the measuring tubes in position at the 
top. To carry out the electrolysis: 

Close the tap at the base. Remove the stoppers 
from the measuring tubes and pour the electrolyte 
(dilute caustic soda (i-2iV) or dilute sulphuric acid) 
into the outer tube until the level reaches the top of 
the inner tubes. Replace the stoppers. Open the tap 
at the base and run the electrolyte from the outer 
cylinder until its level is about 2 inches above the bung, 
the current until a suitable amount of gas has been collected. 

23 


Fig. 106. 
Barker's 
Voltameter. 

Switch on 
Add 
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water to the cylinder, to the level of the hydrogen, and read its 
volume ; now add more water and read the volume of the oxygen. 
To test the gas, remove the stopper and place a test-tube over the 
open end. Pour water into the outer cylinder, forcing the gas into 
the test-tube. 

Expt. 407 .—The Electrolysis of Water 
(c) Using Hofmann’s Voltameter 
Several designs of Hofmann's voltameter are on the market and 
are described in makers' catalogues. Some are constructed wholly 



Fig. 107A. —Hofmann’s Fig. 1073. —Ostwald's Voltameter. 

Voltameter. 


of glass, as in fig. 107A, but for teaching purposes I prefer the 
modification of Ostwald depicted in fig. 107B, with a movable 
reservoir. The filling and manipulation are obvious from the 
sketch. As the gases collect in the measuring tubes, the reservoir 
should be lowered. To identify* the gases, join an inch-length of 
silica quill tubing, or a piece of the stem of a clay pipe, by rubber 
to the hydrogen tube. Raise the reservoir as high as possible, so 
that the hydrogen is under pressure; open the tap and ignite the 
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out-rushing gas. In a similar way, test the oxygen with a glowing 
splint. Alternatively, place each gas separately under pressure as 
before, attach a small length of glass tubing to the tap, stand a 
test-tube over the tubing. The gas collects in the tube when the 
tap is opened and may be removed and tested. 

The Volume Ratio, Oxygen: Carbon Dioxide 
(J. Priestley, 1772) 

Carbon is ignited in an enclosed volume of oxygen and the volume 
of carbon dioxide produced compared with that of the oxygen 
consumed. 

The experiment is one of the easiest of gas-volumetric determina¬ 
tions, and may be carried out in the elaborate bulb eudiometer of 
Hofmann or in any simple modification of this apparatus. 

The Bulb Eudiometer. A. W. Hofmann, 1869.—This consists 
of a U-tube (fig. 108) about 18 inches high and of tubing about 
I inch wide. One limb ends in a bulb of 500-1000 c.c. capacity. 
The bulb is closed with a special stopper through which pass two 
stout wires which act as electric leads. One of these wires carries 
a deflagrating spoon. A 6-inch length of fine platinum wire is 
welded to the leads to complete the circuit; this wire may also be 
fastened by just binding it round the leads. A lump of the reactant, 
such as carbon, sulphur, or phosphorus, is placed in the spoon and 
the platinum wire coiled round it. On passing a current the 
platinum wire becomes red-hot and ignites the reactant. 

Experiments in the bulb eudiometer, besides being spectacular, 
are easily and quickly carried out. A small margin of error is 
discounted by the width of the tube. The results, however, are 
only roughly quantitative, for it is impossible to secure complete 
combustion of the oxygen under the conditions of the experiment. 
The several analyses and syntheses must therefore be limited to 
those which take place without change of volume, when it is a 
matter of indifference whether the reaction be complete or not, the 
volume of oxide formed is exactly equal to the volume of oxygen 
consumed. 

Expt. 408.—The Volume of Oxygen in Carbon Dioxide 
(a) Using the Bulb Eudiometer (fig. 108) 

Remove the stopper, place a small piece of wood charcoal in the 
deflagrating spoon, and wind the platinum wire firmly round the 
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charcoal. The turns should not touch one another or the wire 
may fuse. The charcoal should be very little larger than the 
oxygen requires, otherwise the surplus strongly absorbs carbon 
dioxide. Lubricate the stopper with vaseline. 

The eudiometer must be dry. It is an advantage, if sufficient 
mercury is available, to allow of a movable reservoir to be attached 



to the tap A. Fill the apparatus with mercury to the level of the 
bottom of the bulb B. Prepare dry oxygen by heating potassium 
permanganate in a test-tube, as in Expt. 384, or obtain the gas 
from a cylinder. Use a delivery tube reaching to the bottom of 
the bulb. Pass the gas until a glowing splint gives a satisfactory 
reaction at the mouth of the bulb—actually this is no criterion that 
the bulb is full of oxygen, for an atmosphere containing 40 per cent, 
of oxygen will ignite a glowing splint. Continue passing the gas 
for a few minutes longer. Insert the charged stopper ; adjust the 
mercury levels and mark the enclosed volume by a strip of adhesive 
paper. Join the terminals of the stopper to a battery of 4-6 
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accumulators in series. Turn on the current and switch it off 
again as soon as the carbon begins to glow. Lower the mercury 
reservoir to keep pace with the expanding gas. When the gas 
has cooled, once more adjust the levels. At this stage I. Freund 
(1910) passes the gas into an absorption bulb to show that practically 
all the gas is carbon dioxide. The writer can see no merit in this 
refinement. 

The bulb eudiometer is easy of manipulation, but requires a large 
quantity of mercury. Several ways of carrying out the synthesis 
have been discovered, applying the idea of Hofmann, but employing 
the simplest of apparatus and Kttle or no mercury. The first of 
these modifications was introduced by P. Hawkridge in 1889. He 
replaced the eudiometer by an ordinary stoppered retort and worked 
over water. Various pieces of apparatus have been suggested 
instead of the retort. 

Expt. 409 .—The Volume of Oxygen in Carbon Dioxide. P. Hawk¬ 
ridge, 1889 

(b) Using a Retort, or Similar Device 

The eudiometer is replaced by a stoppered retort and the mercury 
by a saturated aqueous solution of carbon dioxide. This neat 
method may be used as a lecture or laboratory experiment. Fit 
up a retort over a trough of water, as shown in fig. 109. Attach a 
funnel by means of rubber tubing to the stem of the retort. In the 
bulb of the retort, which must be dry, place a small piece—pea size 
—of wood charcoal. The tubulure of the retort is fitted with a 
one-holed rubber stopper carrying a tap (fig. 109) or a short length 
of glass tubing ending with a piece of connection rubber (fig. no). 
By inserting a glass plug in the rubber the retort may be closed. 
(When used as a class experiment, pupils should practise sucking 
water high up the stem and keeping it there by inserting the plug.) 

Saturate the water in the trough with carbon dioxide. To do 
this add 15-20 gm. of washing soda for every litre of water ; 12 gm. 
are needed to provide the gas to saturate the water, the rest to 
supply the gas to form an atmosphere above the liquid. Add an 
indicator such as methyl orange to the solution and then concen¬ 
trated hydrochloric acid until the liquid is acidic. Stir very gently, 
thus retaining as far as possible an atmosphere of carbon dioxide 
above the liquid. The soda solution may be prepared beforehand, 
but it should not be acidified until the retort is full of oxygen, 
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otherwise the passage of this gas blows out the carbon dioxide. 
Remove the glass plug, place the delivery tube of the oxygen supply 
under the funnel and pass oxygen through the apparatus until a 
glowing splint responds vigorously at the end of the outlet tube. 
At this stage insert the glass plug and acidify the water. Now 
remove the plug and suck up the liquid almost to the bulb. Insert 




the plug and mark the liquid level with a strip of paper. (Hence¬ 
forward a slight effervescence of the carbon dioxide cannot be 
avoided, since in the oxygen atmosphere the pressure of carbon 
dioxide is zero.) Lower the retort until the funnel touches the 
bottom of the trough. Heat the portion of the retort where the 
carbon rests with a small flame and cease heating immediately 
the carbon glows. It is generally advisable to fan the retort during 
the combustion, as the expanded gas occasionally escapes from the 
funnel. On cooling, the liquid rises and rests quite near the original 
level; sometimes, owing to compensation of errors, right on the 
mark. 

The only drawback of Hawkridge's method is the frailty of 
modem retorts. It must be acknowledged that a fair number of 
fractures occur, say 15 per cent. Accordingly, science masters have 
replaced the retort by: 





COMPOSITION OF CARBON MONOXIDE 859 

(а) A wide soft-glass tube, say i x 12 inches. 

(б) A boiling tube fitted with a cork carrying a small U-tube 

(F. Fairbrother, 1931). 

(c) The writer uses a 200-300 c.c. Wurtz flask (fig. no), the glass 

of which, perhaps more uniformly blown than that of, the 
retort, stands the heating much better. 

(d) Pieces of apparatus later to be described, notably those of 

Hodgkinson (fig. 115) and Schofield (fig. 122), are also 
suitable. 

To use (a) and (c) follow the procedure of the last experiment. 
When using (6) first fill the apparatus with oxygen—the U-tube 
being empty. Close the clip, pour mercury into the U-tube, and 
adjust the pressure by momentarily opening the clip. 


The Volumetric Composition of Carbon Monoxide 

The volume relations connecting oxygen, carbon monoxide, and 
carbon dioxide may be found in three ways: 

1. The direct synthesis of carbon monoxide—the method 

Hofmann and of Lepsius. 

2. The quantitative conversion of carbon dioxide into carbon 

monoxide. COg + C = 2CO. 

3. The quantitative oxidation of carbon monoxide to carbon 

dioxide—the method of Hofmann. ' 2CO + 02 = 2CO2. 

None of these methods is easy : all require special apparatus and 
some manipulative skill; however, with practice, each can be done 
in a lesson period of 45 minutes. 

The Arcing Process of Lepsius. B. Lepsius, 1890.—The intro¬ 
duction of arcing methods by Lepsius (J 5 ., 1890, 23 ,1418-1428,1637- 
1642) in 1890 marks a great advance in the lecture technique 
of gas-volumetric analysis. Lepsius accomplishes syntheses and 
decompositions by arcing various gases with carbon or metal poles. 
He claims that the reactions are rapid, lasting from a few seconds to 
2 or 3 minutes, whereas the reactions promoted by the sparking 
methods of Hofmann are of long duration; moreover, a large quantity 
of gas may be used. Lepsius recommends 100 c.c. 

Lepsius employs the apparatus depicted in fig. in. The arcing 
tube AB is 30 X4 cm., the levelling tube, FG, 50 xi cm. About 
4 cm. below the stop-cock A are situated two lateral tubulures 
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1*5 cm. long and i«5 cm. in cross-section. The tubulures are not 
on the same level, one being about i cm. below the other. The 
tubulures are fitted with one-holed rubber corks, through which 

0 



Fig. III. — Apparatus of Lepsius. Fig. ii2. 

pass copper rods carrying binding screws on the outside ends. The 
inside ends of the copper rods are. fitted with split necks of iron, 
which grip carbon rods 2 mm. (or more if desired) in diameter. 
The corks are placed eccentrically in the tubulures in such a way 
that the carbon rods can be brought into contact by a slight pressure 
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on one of the binding screws, A current of 30-50 volts is sufficient 
to give the necessary arc, but 60-80 volts and a rheostat in the 
circuit is to be preferred, for the heat of the arc can then be regulated 
so that neither glass nor corks are damaged. The apparatus is 
filled with mercury and gases are introduced in the usual manner 
through the stop-cock A. All gases must be thoroughly dry, other¬ 
wise the rapid reaction 

C + HaO^CO + Hjs 
introduces an avoidable error. 

Expt. 410.—The Volume Relation—Carbon Dioadde to Carbon 
Monoxide. B. Lepsius, 1890 

Fill the apparatus with mercury and introduce 80-100 c.c. of 
well-dried carbon dioxide. Ignite the arc. The carbon dioxide is 
decomposed with a brilliant light and the volume immediately 
increases. The action is complete in about i minute. When the 
apparatus has cooled, adjust the levels. The volume of carbon 
monoxide is seen to be double that of the carbon dioxide. 

C02 + C==2C0 

Draw off the gas as described in Expt. 406 (d), and show it is carbon 
monoxide. 

A Simplified Lepsius Apparatus. F.—Anyone with moderate 
skill at glass-work can make a simple form of Lepsius apparatus. 
Obtain a tube 15-18 inches long, i inch in diameter, and closed at 
one end. About i inch from the closed end fuse on a side arm 
about I inch long and | inch in diameter. On the other side fuse 
on a similar arm in line with the first. Fit each side arm with a 
one-holed rubber cork. Pass a short length of brass or copper 
tubing through each cork and fit a thin carbon rod tightly into the 
interior end of the metal tube. Flatten the exterior end of each 
metal tube to close it, and seal with solder, and at the same time 
join on an electric lead. Fill the tube with mercury and invert it 
in a cylinder of mercury (fig. 112). Pass in 10-15 c.c. of carbon 
dioxide. Pass the current intermittently for a few minutes so that 
the tube cools between the arcing. This arrangement for cooling 
would be quite unnecessary if the apparatus were made of silica. In 
5-10 minutes arcing causes no further change in volume. Finish 
off as in the last experiment. 
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Expt» 411 .—The Volume of Oxygen in Carbon Monoxide—Direct 
Determination. B. Lepsius, 1890 

Introduce about 100 c.c. of well-dried oxygen into the experimental 
tube. Strike the arc. The volume rapidly increases, and in 1-2 
minutes the action is complete. If time allows, when the cooled gas 
has been measured, restrike the arc for half a minute and show that 
the cooled volume remains unchanged. The final volume is double 
that of the oxygen taken. 

02 + 2C=2C0 

Expt. 412 .—The Volume of Oxygen in Carbon Monoxide. A. W. 

Hofmann 

A definite volume of carbon monoxide is mixed with excess of 
oxygen and exploded in a eudiometer. The carbon dioxide formed 
is absorbed with caustic potash, and its volume thus found. The 
volume of oxygen used is the difference between the volume of 
oxygen introduced and the volume of residual gas. 

The experiment must be done over mercury. Bunsen's, Yates's, 
Freeth's, or Hofmann's eudiometer with a tap on the explosion tube 
may be used. If Bunsen's straight eudiometer is used, a deep 
cylinder of mercury is required for levelling purposes. Fill the 
eudiometer with mercury. The carbon monoxide may be drawn 
from an aspirator charged beforehand, or it may be prepared as part 
of the experiment. If the latter procedure is followed, use the 
preparation method of Expt. 382. Place 10 gm. of sodium formate 
in the flask and run in the concentrated sulphuric acid from the 
funnel, as required, to produce a slow stream of gas. Collect two jars 
of gas and assume the apparatus is then free from air. Burn these 
jars of gas to illustrate and revise the action about to be employed 
in the main experiment. Next undo the rubber connection at C, 
and, holding the preparation apparatus in the hand, attach it to the 
eudiometer with the tap in position i. Since only the bore of the 
tap needs freeing from air, after 2 or 3 seconds turn the tap to 
position 2, and allow about 10 c.c. of gas to pass into the eudiometer. 
Turn the tap back to position i, disconnect, and replace the apparatus 
in its original position, so that the gas from any further evolution 
may be collected and subsequently burnt. Read the volume of the 
carbon monoxide. Next introduce about 15 c.c. of oxygen (pre¬ 
paration, Expt. 384) and likewise read its volume. Pass the spark, 
adopting the procedure of Expt, 403. Allow the residual gas to 
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cool: if time is short swab the eudiometer with a piece of cotton 
wool dipped in ether (or preferably ethylene dichloride). The residual 
gas is carbon dioxide plus the excess of oxygen. Find its volume in 
the usual way. Caustic alkali must now be introduced into the 
tube to absorb the carbon dioxide. A solution of any strength is 
suitable, but professional analysts always use a solution about 6 N 
(33 gm. of KOH, or 25 gm. NaOH made into 100 c.c. of solution), 
and it is just as well to profit by their experience. Attach with 
rubber a thistle-funnel head to the jet of the three-way tap and add a 
clip. Fill the funnel with the alkali, open the clip gradually until 
the liquid almost runs out at B. Now close the clip and turn the 
tap to position 2. Reduce the pressure in the eudiometer, open the 
clip cautiously and allow 2-3 c.c. of alkali to run in. Actually only 
a few drops are required, but it is advisable to use the larger amount 
to make the procedure definite and impressive. Turn the tap to 
position I, close the clip, and remove the thistle funnel. 

(When using Yates’s eudiometer, or the simple form of Bunsen’s, 
the alkali is introduced as follows: Bend about i inch of the end of 
a discarded 20-c.c. pipette into a semicircle, thus making a delivery 
tube. Immerse the bend completely in the alkali and suck (with 
care) until the pipette is about half-full. Now place the tip of the 
bend in position under the eudiometer as in fig. 130 and blow gently 
until about 2-3 c.c. of liquid has passed into the tube.) 

Bring the gas into intimate contact with the alkali by gently 
inclining the eudiometer, downwards and upwards, for i minute— 
by the watch, not just a moment. Adjust the mercury levels (it 
is better to ignore the small difference of pressure caused by the 
alkaline solution) and read tlie volume of the residual gas. Identify 
the gas as in Expt. 406 (6). 

Argument and Extension: the Formula of Chalk. —If the densities 
of both oxygen and oxide of carbon have been found, and either of 
the volumetric relations determined, the proportions by weight in 
which the elements combine may be calculated. 

1000 c.c. of carbon dioxide weighing 1*98 gm. 
contains 1000 c.c. of oxygen weighing 1*44 gm. 

Hence in carbon dioxide 0*54 gm. of carbon is imited with 1*44 gm. 
of oxygen, so that in carbon monoxide 0*54 gm. carbon is united 
with 072 gm. of oxygen. 



864 QUANTITATIVE EXPERIMENTS 

If the density of carbon dioxide only has been found, that of 
carbon monoxide follows by calculation. 

2000 c.c. of carbon dioxide weighs 3*96 gm. 

Subtract 1000 c.c. of oxygen weighing 1*44 gm. 

Therefore 2000 c.c. of carbon monoxide weighs 2*52 gm. 
and 1000 c.c. of carbon monoxide weighs 1*26 gm. 

If two of the volumetric ratios have been found, the relative 
proportions by weight in which carbon and oxygen combine can 
be calculated without knowing the densities, thus: 

A litre of carbon dioxide combines with carbon to form two litres 
of carbon monoxide. The oxygen in the carbon dioxide is shared 
between the two litres of carbon monoxide. 

Let 1000 c.c. of carbon monoxide contain A gm. oxygen. 

Therefore 1000 c.c. of carbon dioxide contains 2A gm. oxygen. 

Accordingly, since one litre of carbon monoxide combines with 
only oxygen to form one litre of carbon dioxide, the weight of 
carbon (B gm.) in each litre of gas is the same. 

Consequently B gm. of carbon^ combine with A and 2A gm. of 
oxygen, and thus the analysis of these gases provides an excellent 
example of a simple numerical relationship, subsequently found to 
be general. 

Later on, when by gasometric or by volumetric analysis the 
equivalents of sodium, sodium carbonate, calcium, and chalk have 
been found, some attempt may be made to show how we arrive at 
such formulae as NagCOs and CaCOg. 

Thus from the class's own work it is known that 100 gm. of chalk 
consists of 56 gm. of lime combined with 44 gm. of carbon dioxide. 
From densities and gas-volume relations we can calculate that 12 gm. 
of carbon unites with 32 gm. of oxygen to form 44 gm. of carbon 
dioxide. The E.W. of calcium is found to be 20. Therefore 
lime consists of 40 gm, of calcium and 16 gm. of oxygen. This 
can be confirmed by alkalimetry. Accordingly we may tabulate 
the result as follows:— 


Chalk 100 



Lime 56 Carbon dioxide 44 

/ \ / \ 
Calcium 40 Oxygen 16 Carbon 12 Oxygen 32 
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Whatever the atomic weight of oxygen may be, it is obvious from 
this table that there are twice as many atoms of oxygen combined 
to carbon as there are combined to calcium. Consequently chalk 
must contain at least three atoms of oxygen. If now the atomic 
weights have been given, we see how the formula represents the 
analysis. 

The Composition of Sulphur Dioxide 

The composition is usually found by s5mthesis ; Lepsius, however, 
does it by analysis. The synthesis by weight is one of the few 
gravimetric experiments suitable for lecture presentation ; it is 
simple, spectacular, and easy to obtain a satisfactory result. If the 
densities of oxygen and sulphur dioxide have been found, the 
volumetric relation of oxygen to sulphur dioxide may be calculated. 

Should the volumetric synthesis be then accomplished, the result 
is confirmed and the constancy of composition emphasised. 


Expt. 413.—The Composition of Sulphur Dioxide by Weight 

Fit up an apparatus of the kind shown in fig. 113. The combus¬ 
tion tube shown is about 9 inches long. Near the end, D, insert a 



loose plug of asbestos wool about i inch long. This plug is kept 
red-hot during the experiment and serves to decompose any sulphur 
trioxide which may form ; in addition it traps sulphur volatilised 
by the heat of the combustion. 

The oxygen must be drawn from a cylinder or aspirator {300-500 
c.c. of gas is ample), since a steady controllable stream is required. 
The wash-bottle B, containing concentrated sulphuric acid, serves 
to dry the gas and mark its rate. To trap the sulphur dioxide any 
make of efficient absorption bulb may be used, such as Mohr's, 
depicted in the sketch. (Those using a design of bulb to which they 
are unaccustomed should practise the filling operation with water. 
Attach one end of a long length of rubber connection to the outlet 
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tube of the bulb and place the other end of the rubber in the mouth. 
Immerse the inlet tube under water and suck an appropriate amount 
into the bulb.) Charge the bulb with lo per cent, caustic potash, 
the horizontal tube with soda lime (which removes moisture from 
the escaping oxygen), and weigh it. Place O'i-0‘3 gm. of roll 
sulphur in one end of a porcelain boat (or make a boat from a strip 
of thin cardboard, tinplate, or sheet copper, bent along its length to 
form a V-shaped trough), and weigh the loaded boat. Insert the 
end of the boat containing the sulphur in the combustion tube; 
invert the boat, thus depositing the sulphur in a heap about iJ-2 
inches from the end of the tube. Weigh the empty boat. A definite 
weight of sulphur now is in the tube. Before beginning to heat the 
tube, get the stream of oxygen steadily flowing about one bubble 
per second. Warm the tube under the asbestos, increasing the 
temperature until the asbestos is a dull red. Heat the sulphur till 
it ignites, which it generally does with a slight explosion, and im¬ 
mediately adjust the rate of oxygen to keep the sulphur only just 
alight—that is, the burning area should be about 0‘5 sq. cm. When 
the sulphur has disappeared, and only a negligible amount of dirty 
matter remains, pass the oxygen for a minute or so longer, to drive 
all sulphur dioxide into the absorption bulb. Now detach and weigh 
the bulb. 

In a trial experiment 3 gm. of ordinary roll sulphur left 0-02 gm. 
of residue. 

Ezpt. 414. — The Volume of Oxygen in Sulphur Dioxide (J. 

Priestley, 1772). A. W. Hofmann, 1869 
(a) Using the Bulb Eudiometer 

Protect the spoon from the action of the sulphur by a small piece 
of asbestos cardboard, or a piece of tinplate cut from a tin with 
tinman’s shears or with a pair of old scissors. Proceed as in Expt. 
408. The action is more vigorous than the combustion of carbon 
and the stopper must be held tightly down. A result of i: i is 
never obtained ; sulphur burning in oxygen forms from 2-8 per 
cent, of sulphur trioxide. 

Simpler methods of carrying out this synthesis have been described 
by Hodgkinson, Hofmann, V. Meyer, Volhard, and W. A. Noyes. 
In my opinion the simplest and most accurate of all these methods 
is that of the American professor, Noyes. It requires but little 
mercury. 



SULPHUR DIOXIDE 367 


Expt. 415.—The Volume of Oxygen in Sulphur Dioxide 

(b) W, A. Noyes, 1892 

The action is carried out under reduced pressure, the combustion 
is gentle, and little sulphur trioxide seems to form. The apparatus 



Fig. 114.—Volume Composition of Sulphur Dioxide. (W. A. Noyes.) 


is fitted up as shown in fig. 114. The T-piece can be of any con¬ 
venient length, but BD should be about 15 inches long. A is an 


ordinary Florence flask of 250-300 
c.c. capacity; D a small bottle of 
mercury. Detach the flask and slide 
in a small piece of sulphur. Then 
fill the flask with oxygen by dis¬ 
placement of air. Insert the T-piece 
and let the arm BD dip in the bottle 
of mercury D. Apply suction from 
a water-pump until the mercury 
rises about 12 inches in BD. Close 
the tap C and mark the level of the 
mercury. Heat the sulphur, which 
burns quietly under the reduced 
pressure. The thin flask cools 
quickly and the mercury rises 
slightly above the mark. The varia¬ 
tion from the i: i ratio is less than 
I per cent. 



Fig. 115.—Hodgkinson's Apparatus. 


Ezpt. 416.—The Volume of Oxygen in Sulphur Dioxide 
(c) W. R. Hodgkinson, 1893 

The construction of Hodgkinson's apparatus is obvious from 
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fig. 115. The apparatus embodies the principle of the bulb 
eudiometer; it is home-made; requires little or—if the gauge be 
dispensed with—no mercury, and is more convincingly filled with 
oxygen. Wire down the stopper C. Oxygen is passed in at A 
and out at B. The method of filling has this merit: oxygen may 
be passed in until a trial tube of the gas issuing from B is completely 
absorbed by alkaline pyrogallol. When the flask is full of oxygen 
close the taps and ignite the sulphur, as in Expt. 408. 

Expt. 417.—The Volume of Oxygen in Sulphur Dioxide 

(d) B. Lepsius, 1890 

A definite volume of sulphur dioxide is enclosed over mercury 
and arced between carbon poles; sulphur and carbon monoxide are 
formed. The oxygen content of carbon monoxide is known from 
previous experiments. Hence the volume of oxygen in a definite 
volume of sulphur dioxide is discovered. 

2C4-S02 = S-h2C0 

About 80 c.c. of dry sulphur dioxide is introduced into the 
experimental tube of the Lepsius apparatus (p. 359). The arc is 
ignited, whereon the carbons burn with a beautiful blue light and 
the apparatus is filled with white fumes. The volume of gas 
increases and reaches its maximum in 30-40 seconds. On cooling 
and levelling the volume of carbon monoxide is seen to be twice that 
of the sulphur dioxide taken. Draw ofl (see Expt. 406) and identify 
specimens of the gas. 

The Volume of Hydrogen in Hydrogen Chloride 

So many simple methods are now available for this determination 
that the original and elaborate method of Hofmann (1865), requiring 
the open limb of a large U-tube full of sodium amalgam, is not here 
described. 

Expt. 418.—the Volume of Hydrogen in Hydrogen Chloride. W. 

Ramsay, 1884 

A definite volume of hydrogen chloride is decomposed by sodium 
in the form of sodium amalgam ; the liberated hydrogen is measured. 

The dry hydrogen chloride is collected in a tube, 15-18 inches 
long, i-f iJ'ch in cross-section, closed at one end. The gas should 
be prepared in a small flask, from rock salt and concentrated 
sulphuric acid, as in Expt. 389. Pass the gas through a wash-bottle 
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of sulphuric acid to mark the rate. Use a delivery tube reaching 
to the bottom of the experimental tube. Place a loose plug of 
cotton wool in the mouth of the experimental tube. Let the gas 
stream in for 3 to 5 minutes, then slowly withdraw the delivery 
tube, spending at least half a minute over the operation. Close the 
tube with a well-fitting rubber bung. Fig. 116 depicts phases of 
the manipulation. 

Place 2-3 c.c. of dry mercury in a dry mortar, add a piece of 
clean dry sodium—pea size—and with a pestle crush the sodium 
under the mercury ; similarly dissolve two or three more pieces of 
sodium in the mercury. This is a great excess, since 100 c.c. of 
HCl require only o-i gm. Na. Transfer the amalgam to a receptacle 
convenient for rapid pouring, such as a small crucible, uncork the 
tube and, as rapidly as possible, pour in the amalgam and cork 
again. It is advisable to get a member of the class to help. Tilt 
and agitate the tube so that the reactants come into contact. The 
reaction is probably complete in one minute, but it is as well to 
shake the tube for a few minutes. Open the tube under a trough of 
water, immediately move the tube away from the deposited mass 
of decomposing amalgam, insert the stopper, or use the thumb, 
and transfer the tube to a tall cylinder of water. Amalgam 
frequently adheres to the walls of the tube and, reacting with the 
water in the cylinder, causes an evolution of hydrogen. Depress 
the tube quickly in the cylinder and wash off this amalgam. Adjust 
the levels and mark the volume. The experiment is a rough one— 
measuring the acid gas dry and the hydrogen damp involves of 
itself an error of 2 per cent.—and the reacting volumes are satis¬ 
factorily compared by measuring the lengths of tube occupied by 
the respective gases. 

Expt. 419.—Ramsay’s Method modified. F. 

Ramsay’s procedure can be made more accurate by filling the 
tube with hydrogen chloride over mercury and introducing the 
amalgam by means of the burette cup (p. 72). 

Make a burette cup to fit the experimental tube. If the tube 
holds 80-100 C.C., a cup holding 3-5 c.c. is amply large. It is, of 
course, necessary to work with liquid amalgam. Now an amalgam 
is solid when it contains 4 per cent, of sodium. 5 c.c. of mercury 
— t,e, 67 gm.—will therefore dissolve 2*7 gm. of sodium before 
solidifying. 100 c.c. of hydrogen chloride reacts with o*i gm. of 

24 
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sodium, which is contained in about 0*4 c.c. of a 2 per cent, 
amalgam. 

Use as before a long tube closed at one end. Fill the tube with 
mercury and invert it over a vessel—such as a mortar—of mercury. 



Fig. 11 6 . —Volume of Hydrogen in Hydrogen Chloride, (a) Filling by 
displacement of air; (b) alternative filling over mercury; {c) inserting the 

burette cup. 


Use a small preparation flask for the hydrogen chloride and allow 
the gas to escape until a trial tubeful collected over mercury is 
completely absorbed when opened under a trough of water. (A 
tube of thick-walled soft glass, 8 x J in., makes a suitable trial tube.) 
Now fill the experimental tube with gas. Make some sodium 
amalgam and completely fill the smaU cup with it, or fill any re¬ 
maining space with mercury. Cautiously raise the experimental 
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tube until it is only just under the surface of the mercury, and 
clamp it in that position. Close the burette cup with a thumb and, 
passing it under the mercury, place it in position in the experimental 


tube. If the depth of mercury is too shallow, 
remove the experimental tube from the stand. 
Get a helper to hold it in an inclined position, 
as shown in the sketch, and insert the cup. 
Agitate the tube for a few minutes to ensure 
completion of the reaction. To obtain the 
more accurate result, the tube must be opened 
under mercury, but it is difficult to read the 
mercury level owing to the slough of amalgam; 
moreover, it means the contamination of a 
large quantity of mercury. It is simpler to 
open under water as before, and to ignore the 
error of the tension of the aqueous vapour— 
unless, of course, the class understand this 
correction. 

Freund’s Apparatus Ida Freund, 1910.— 
The introduction of this apparatus (fig. 117) 
has simplified the technique of many gas- 
volumetric determinations. The apparatus 
consists of a graduated tube CD, which is joined 
to an absorption cup by the tap C. The 
bottom end of the tube is closed with a strong 
tap to which a levelling reservoir may be at¬ 
tached by pressure rubber. The apparatus is 
essentially Ostwald's measuring tube, to which 
a cup has been added; it is not expensive and 
may be made by fusing a small dropping funnel 
to one end of a soft-glass tube suitably drawn 
out, and fusing a tap to the other end. Alter¬ 
natively a loo-c.c. burette, to which a dropping 
funnel is fitted with a one-holed rubber cork, 



Fig. 117.—Ida 
Freund’s Apparatus. 


will answer the same purpose, Freund's apparatus has obvious 


merits: it is compact, easy to fill with a gas, easy to introduce 
absorption reagents, it may be cooled by immersion in a tall cylinder 


of water, and the levelling operation is simple and straight¬ 
forward. 
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Expt. 420,—The Volume of Hydrogen in Hydrogen Chloride. Ida 

Freund, 1910 

Fit a one-holed cork carrying a delivery tube into the mouth A 
of the absorption cup, open both the taps, and pass a stream of dry 
hydrogen chloride (Expt. 389) through the apparatus until a trial 
tube of the gas issuing at B is completely absorbed by water. Close 
the taps and with a small hand-bellows blow out the gas from the 
cup. Prepare 5-10 c.c. of sodium amalgam as in Expt. 418 and 
place it in the cup. Incline the tube so that the amalgam does not 
fall heavily ; gradually open the tap and allow 2-3 c.c. of the 
amalgam to enter. Proceed cautiously, for the action is rapid and 
the whole of the amalgam might be drawn inside by the reduced 
pressure. Obviously, for the success of the experiment, there must 
always be amalgam above the tap, acting as a seal when the tap is 
open. If the amalgam will not readily enter, reduce the pressure 
inside the tube by swabbing the outside with cotton wool moistened 
with ether or ethylene dichloride; should the amalgam be thick, 
dilute it with mercury. Rock the tube gently for a minute to 
complete the action. The most satisfactory procedure now is to 
open the tube under mercury. To do this attach the mercury 
reservoir by a length of pressure tubing. Pour mercury into the 
reservoir and work the tubing about until air bubbles no longer 
appear. Place the reservoir at a convenient height, see that it 
contains enough mercury for the next operation, and then open the 
tap. On adjusting the levels and reading the volume the residual 
hydrogen is found to occupy half the space of the hydrogen chloride. 
This procedure contaminates a large quantity of mercury, conse¬ 
quently most teachers prefer to open the tube under water, and 
with a young class to ignore the error due to the vapour pressure of 
the water. The water may be introduced in a similar way to that 
of the mercury. Otherwise, open the lower tap in a tall cylinder 
of water, as in fig. 131 (d), then depress the apparatus until the water 
levels are equal, and read the volume of the hydrogen. The error 
caused by the volumeof the jet of the tap, about 0*3 c.c., is negligible 
compared with the large volume of gas taken. 

Eigpt. 421.—The Volume of Hydrogen in Hydrogen Chloride. 

William Ostwald, 1900 

- A tube is filled with hydrogen chloride contained over mercury, 
A ^all volume of water is passed into the gas, whereon solution 
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takes place and the mercury rises and almost fills the tube. A piece 
of magnesium is passed up into the aqueous solution, hydrogen is 
evolved and fills half the space occupied by the hydrogen 
chloride. Use a thick-walled soft-glass tube, one 12--15 x J-f in. is 
suitable. 

Fill the tube with dry mercury and invert it over a trough of 
mercury. Prepare dry hydrogen chloride as before and, using a 
dry delivery tube, nearly fill the experimental tube with hydrogen 
chloride. Adjust the levels and mark the volume. Half-fill a 
bent pipette (fig. 130) with water and blow cautiously about i c.c. 
through the mercury into the gas. The mercury ascends and 
fills the tube. Now introduce a small compact roll of polished 
magnesium ribbon into the acid by placing it under the mercury 
in the experimental tube ; if the magnesium clings to the side 
of the tube coax it up by tapping with a finger or a pencil. 
Use a very slight excess of magnesium: o-i gm. reacts with about 
100 c.c. of hydrogen chloride at room temperature. The hydrogen 
liberated by the magnesium takes up half the space originally 
occupied by the hydrogen chloride. It takes about 20 minutes 
for the magnesium completely to decompose the dilute acid. At 
the end of this time any excess of magnesium, especially if thick 
magnesium wire were used, falls into the mercury, forms magnesium 
amalgam, and slowly decomposes the water, ruining the experiment. 
This side reaction, apparently overlooked by Ostwald, mars what 
were otherwise a striking and instructive experiment. 

The Volume of Chlorine in Hydrogen Chloride.—So far no method 
has been devised for the direct demonstration of the volume of 
chlorine in hydrogen chloride. It must therefore be calculated from 
the three, densities and the one known volume relation. 

1000 c.c. of hydrogen chloride weighs 1*64 gm., and 

contains 500 c.c. of hydrogen weighing 0*045 gm. 

and therefore chlorine weighing i’595 gni. 

It follows that one litre of hydrogen chloride contains 500 c.c. of 
chlorine. This result should now be confirmed by synthesis. 

Ezpt. 422 .—The Quantitative Synthesis of Hydrogen Chloride. 

A. W. Hofmann, 1865 

Definite but unequal volumes of hydrogen and chlorine are 
allowed to mingle in diffused sunlight. That combination takes 
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place without change of volume is discovered by opening the tube 
under mercury or other inactive liquid. The volume of hydrogen 
chloride formed is found by opening the tube under water. 

The experiment is usually carried out in the apparatus devised 
by Hofmann (fig. ii8). It consists of a tube, 18-30 inches long, 
stoppered at each end. The tube is divided unequally into two 
compartments united by a stop-cock. The smaller com¬ 
partment is usually made one-third the volume of the 
whole tube. Two stoppered bulbs separated by a tap 
would serve the same purpose. Dry the tube and lubri¬ 
cate the stop-cock and glass stoppers. Open the tap 
and pass dry chlorine (see Expt. 390) through the whole 
tube for about 5 minutes. Then close the tap and insert 
the stopper of the smaller compartment. (Hofmann's 
tube is not expensive, and, if possible, two should be 
procured and filled, placing excess of chlorine in one 
and excess of hydrogen in the other. If only one tube 
is available it is better to use excess of hydrogen.) Fill 
the larger compartment with dry hydrogen by down¬ 
ward displacement of the chlorine. Do not work in 
bright sunlight. Send the hydrogen in for several minutes, 
then keeping a brisk stream of gas—because of the com¬ 
paratively large fraction of the tube it occupies—very 
slowly withdraw the delivery tube and insert the stopper. 
Clamp the tube in a stand, place it in diffused sunlight, 
and open the tap. (The tube is apt to explode if exposed 
to bright sunlight.) After a day or two place the tube 
in bright sunlight to complete the action. If the weather 
is unpropitious expose the tube to a magnesium flame. Burning 
a small length of magnesium ribbon is scarcely sufficient. Place a 
teaspoonful of magnesium powder on an iron tray, or on a piece 
of asbestos board, stick in it a length of magnesium to act as a 
fuse and, at arm's-length, ignite the ribbon. It is advisable to put 
on blue goggles. 

Open the tube under mercury; there should be no appreciable 
change of volume—a difference is unavoidable if a sudden change 
of weather has occurred during the progress of the experiment; 
but, if the temperature of the room is taken and recorded every day 
during the experiment, the direction of a small volume change 
shotild be in accord with the weather. Transfer the tube to a 


>C 
Fig. 118. 
Hofmann's 
Tube, 
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cylinder of water. The water rises and occupies twice the volume 
of the chlorine. Show that the residual gas is hydrogen. 

In the second tube, where the chlorine is in excess, proceed as 
follows:— 

After opening under mercury—on which chlorine acts very slowly 
—open under a saturated aqueous solution of calcium chloride 
(in which chlorine is almost insoluble). The liquid rises in the 
tube and it is obvious from the colour that the residual gas is 
chlorine. Transfer the tube to a cylinder of water; rapidly 
adjust the levels and note the volume before the calcium chloride 
has time to diffuse into the water. The constancy of the composi¬ 
tion, despite the excess of either reactant, is thus established. 

In a modern form of Hofmann's apparatus the two compartments 
are separated by a three-way tap, and the stoppered ends replaced 
by two-way stop-cocks. This tube is more easy to fill. First 
chlorine is passed in at one stop-cock and out by the three-way tap, 
then the tap is turned and hydrogen passed in at the other end, 
this likewise escapes by the three-way tap. 


The Electrolysis of Hydrochloric Acid 

The electrolysis of concentrated hydrochloric acid affords addi¬ 
tional evidence of the volume composition of hydrogen chloride. 
J, B. Cohen objects to the composition being deduced from the 
result of the electrolysis and in this J. W. Mellor concurs. The 
latter says: “ This demonstration of the composition of hydrogen 
chloride, though interesting as circumstantial evidence, is not a 
proof unless supported by accessory evidence. A similar demon¬ 
stration of the analysis of hydrogen fluoride would prove that 
hydrogen fluoride is a compound of hydrogen and oxygen." 

Historical Note.—Faraday in 1833 investigated the electrolysis 
of solutions of hydrogen chloride over a wide range of concentration. 
To carry out the electrolysis as a lecture experiment, Hofmann in 
1869 devised the voltameter (fig. 107A), familiar by its appearance in 
most text-books. The actual experiment carried out in Hofmann's 
voltameter has a rightly earned ill-reputation among teachers. 
Notwithstanding precautions taken to saturate the carbon elec¬ 
trodes, the electrolyte, and the collecting liquid with chlorine the 
decomposition fails to yield equal volumes of gases, the volume of 
chlorine being always deficient. In 1894 Loth^ Meyer pointed 
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out the cause of the discrepant results—namely, the solubility of 
chlorine increases with rising pressure much more rapidly than that 
of hydrogen, and in Hofmann's voltameter the collected chlorine 
is subjected to a gradually increasing pressure. Meyer designed a 
somewhat cumbersome apparatus in which the gases were collected 
under diminished pressure, whereon equal volumes were obtained. 

Meyer's explanation was accepted and welcomed 
by teachers, who immediately set about sim¬ 
plifying his unnecessarily complicated apparatus. 
In the years following 1894 several simple modi¬ 
fications appeared. One of the best of these was 
introduced by J. M. Pickel in 1896 (B,, 29 ,1942). 
Pickel makes a clever use of two ideas, one due 
to Lothar, the other to Victor Meyer. A small 
U-tube with side arms forms the electrolytic 
cell, while a large U-tube, connected at the base 
with a reservoir as the one depicted in fig. 119, 
acts as the measuring tube. The liberated gases 
escape by the side arms of the small U-tube, and 
traverse a metre of 1*5 cm. glass tubing, suitably 
coiled to occupy little space, before entering the 
measuring tube. Consequently, in the actual 
experiment the volumes of the gases are measured 
by displacement of air. Pickel obtained excellent 
results. His apparatus can easily be made. A more compact 
apparatus was described by E. Rupp in 1902 (Zeit. Anorg. Chem., 
32 , 359). Rupp collects the gases over brine in a measuring 
apparatus similar to that used by Pickel, but as an electrolytic cell 
places a small H-tube between the limbs of the U-tube. In Rupp's 
apparatus each limb of the U-tube is closed with a glass tap. R. H. 
Brownlee in 1908 added a cross-piece carrying a tap as in fig. 119, 
thus dispensing with one tap. 

A. E. Dixon and J. Taylor (1910), following the idea of Pickel, 
also constructed a simple apparatus consisting essentially of two 
U-tubes. The side arms of the small U-tube protrude from the 
front of each limb at an angle of 90°, thus they are parallel to each 
other and at right angles to the usual position. The larger U-tube 
is similarly constructed, and joined to the small one by connecting 
the side arms with rubber. Glass taps close the limbs of the larger 
U-tube. My colleague G. J. Francis changed the position of the 
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small U-tube and dispensed with the rubber connections. The 
apparatus illustrated in fig. 119 has been used for many years with 
satisfactory results. Finally F. C. G. Muller pointed out in 1917 
that it was not essential to use carbon electrodes, for under the 
conditions of the experiment platinum was scarcely attacked by 
chlorine, while the thin carbon rods were rapidly disintegrated. 

The Containing Liquid.—Hofmann, Meyer, and Rupp collected 
the gases over brine saturated with chlorine. Dixon and Taylor 
use concentrated sulphuric acid tinted deep green for enhanced 
visibility by the addition of chrome alum. A collecting liquid 
superior to all these (suggested to me by the late F. E. Weston, a 
teacher and experimenter of rare ability) is a saturated aqueous 
solution of calcium chloride. According to published work, 37 c.c. 
of chlorine dissolves in 100 c.c. of brine at room temperature; from 
my own experiments I find that only 12 c.c. of chlorine dissolves in 
100 c.c. of the calcium chloride solution. 

Expt. 423.—The Electrolysis of Hydrochloric Acid 

(a) Using the Simple Voltameter of fig. 105 

Fill the U-tube to within half an inch of the side arms with con¬ 
centrated acid. Use platinum electrodes or carbon rods joined to 
the circuit with copper wire. Paint the exposed portions of the 
wire with molten wax to protect them from the chlorine. The 
electrodes should dip a short distance only into the acid, most of the 
liberated chlorine is then evolved and diffusion of the dissolved 
chlorine into the cathode limb is almost negligible. Fill the trough 
and tube intended for the collection of the hydrogen with water 
and those for chlorine with a saturated solution of calcium chloride. 
Before attempting to collect the gases pass a current from 2 or 3 
accumulators in series for 15-20 minutes in order to saturate the 
electrolyte with chlorine. At the end of this time momentarily 
switch off the current, place the collecting tubes in position, and 
collect the gases. Thoroughly wash the carbon electrodes before 
putting the apparattis away. 

(b) Using the Apparatus of fig. 119 

Take the stop-cock of the tap right out. Lower the reservoir 
and fill it with a saturated solution of calcium chloride. Charge 
the small U-tube with concentrated hydrochloric acid and let 
the current run for 15-20 minutes as described in (a). Raise the 
reservoir until the calcium chloride stands high in the limbs of the 
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large U-tube. Insert the stop-cock of the tap and turn it so that 
the limbs of the cell are not in connection. The evolved gases now 
pass down the side arms into the measuring tube. Lower the 
reservoir as the liquid falls in the large U-tube. The levels fall 
equally in each limb of the tube. Before putting away the apparatus 
dip the electrodes in dilute ammonia and then soak them for several 
hours in water. 

Analysis of the Oxides of Nitrogen 

Of the oxides of nitrogen, only two (nitrous and nitric oxide) are 
sufficiently stable for the instructional investigation of their com¬ 
position. Several methods of analysis are known, but no methods 
of quantitative synthesis. The simplest analysis is that of Expt. 432. 

Expt. 424 .—The Volume of Nitrogen in Nitrous Oxide 
(a) Using the Bent Tube (Humphry Davy, 1800 ; L. J. Gay- 
Lussac, 1809) 

A definite volume of nitrous oxide is decomposed by potassium 
and the volume of nitrogen obtained compared with the nitrous 
oxide taken. 

The experiment about to be described, employing the bent tube 
over mercury (fig. 120), has developed from the work of Davy and 
Gay-Lussac. Davy enclosed nitrous oxide in a jar over mercury 
and heated carbon in the gas (1800). Gay-Lussac used potassium 
—which he had recently prepared in quantity—and heated nitric 
oxide in a tube over mercury. 

The tube should be of hard glass, J or not more than | of an inch 
in bore, so that it may be conveniently closed by the thumb. The 
horizontal arm may be 2-6 inches long ; the longer arm 10-12 
inches. Fill the tube with mercury, close it with the thumb and 
place it in a vessel of mercury, and clamp it in position as shown. 
If a cylinder of nitrous oxide is available it is only necessary to turn 
on the gas, let it run to waste a minute, and then pass gas into the 
bent tube. Otherwise prepare the gas as in Expt. 428, and dry it 
by passage through sulphuric acid (fig. 120 («)). If the gas is pre¬ 
pared before the lesson it should be stored in the mercury aspirator, 
p» 303. Pass the gas in until the tube is full just to below the bend* 
There is no need to adjust the levels, simply mark the height of the 
mercury in the tube. 

Now raise the tube until it is only just under the mercury (fig. 
120 (6)). Cut off a piece of potassium—pea size—dry it and, using 
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the fingers, pass it under the mercury into the tube. Hold the 
potassium securely, but do not use unnecessary pressure. If the 
potassium sticks to the side, tap the tube until the potassium rises 
to the surface of the mercury. Close the tube with the thumb 
and, with an upward cant, jerk the potassium into the end of the 



Fig. 120. —Volume of Nitrogen in Nitrous Oxide. 


tube. Clamp the tube with its open end resting on the bottom of 
the trough (fig. 120(c)); apply heat—the potassium melts and reacts 
with a slight explosion. Show that the residual gas is nitrogen. 

It is the experience of several teachers that if sodium is used for 
this experiment an explosion occurs. 

Modifications of the Bent Tube. —^The bent tube is well suited for 
the study of gaseous reactions which take place without change of 
volume, for adjustment of pressure is unnecessary and completion 
of the action not essential. Richter used the bent tube for the 
volumetric analysis of hydrogen chloride and of nitric oxide. This 
procedure is not to be recommended. It is essential that reactions 
involving a change of volume should run to completion. Since 
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one piece of solid must react with a widely extended volume of 
gas, completion of the action becomes difficult. Moreover, better 
methods are available. Nevertheless, if it is desired to use the bent 
tube for the analysis of nitric oxide, have the horizontal limb only 
about a quarter the length of the longer one, and introduce such a 
volume of the gas that the half-volume comes just below the 
bend. Proceed as in Expt. 424, and when the first violent action 

is over wait one minute, to allow 
the gases to mingle, and heat 
again. Repeat this operation 
three or four times, or until no 
further action seems to take place. 

With confidence and practice 
analyses with the bent tube are 
easily performed ; moreover, the 
apparatus is compact and simple. 
Yet some teachers dislike the 
manipulative technique of the 
experiment and several methods 
applying its principle while avoid¬ 
ing its reputed difficulties have 
been described. Three of these 
will be detailed. 

Expt. 425,—The Volume of Nitro¬ 
gen in Nitrous Oxide 
(b) The Retort Method. P. Hawk- 
ridge, 1889 

Hawkridge replaced the bent 
tube by a small retort and added 
Fig. 121.— Hawkridge ’s Apparatus, a special device for introducing 

the solid reagent. 

Fit up a small (60-c.c.) stoppered retort as shown in fig. 121. 
The tubulure is closed with a one-holed cork, through which passes 
a small length of glass tubing. Previous to the lesson, seal the 
inside end of this tube with a small plug of plaster of Paris. Select 
a glass rod of such thickness that it only just fits into the tubing. 
In the actual experiment the solid reagent (potassium, sulphur, etc.) 
is placed behind the plug, and, at the appropriate time, is pushed 
into the retort with the glass rod. Join the glass rod and a tube by 
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means of a rubber connection. Have the rod so long that it entirely 
fills the tube and projects about i inch beyond, forming a handle. 
Fit the retort with this special arrangement and have a pellet of 
potassium behind the plug. Wire in the rubber cork. Fill the 
retort with mercury and invert it over a vessel of mercury. Pass 
in dry nitrous oxide until the bulb is full and the mercury 
level high up the stem. Push the glass rod so that the metal falls 
into the retort. Lower the retort until the ^ r 

stem almost touches the bottom of the S. y 

mercury container ; place a rubber pad ^ ■ C 

under the stem and clamp the retort to j i JL 

hold the rubber in position ; alternatively I ^ 

the stem may be closed with the thumb. 

Heat the metal. The reaction when com¬ 
pleted involves no change of volume. 

Obviously the method is suitable only for □ 

such reactions. ^ 

As Hawkridge suggested, the retort may 
be replaced by an open bent tube closed 
with a cork carr5dng the special arrange¬ 
ment. The apparatus may now be used 
indifferently well for the volumetric analy¬ 
sis of such gases as nitric oxide and hydrogen ® 

chloride, where reactions occur with change BB 

of volume. Have the horizontal limb about 
one quarter the length of the longer one, so Q a 

that the half-volume comes below the bend. a H 


Expt. 426.—The Volume of Nitrogen ^ J | 

Nitrous Oxide B 3 

(c) Eudiometer Method. J. A. Schofield, 

^ 9^9 Fig. 122 . 

Schofield's method is obvious from an Scliofield^s Eudiometer, 
inspection of fig. 122. His apparatus—easily 

home-made—combines the principles of Hofmann's bulb eudiometer 
and Ostwald's measuring tube. The glass tubes are 12 x i| inches. 
The deflagrating spoon is supported by the electric leads—stout 


copper wires—^which pass air-tight through the bung. 

As in the bulb eudiometer, a thin platinum wire is welded or 
fastened on the leads about | of an inch above the spoon. Pour 
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mercury into D until its level is the same in both tubes and just 
below the level of the gas-inlet tube B. Wind 3 or 4 turns of the 
platinum wire round a |-inch cube of clean sodium and place it 
in the cup. (Professor Schofield uses sodium, most experienced 
teachers would prefer potassium. Schofield himself says that an 
explosion occurs when sodium is used in the bent tube experiment.) 
Pass dry nitrous oxide in at B until the pure gas leaves at C, then 
close both clips. The wire may be heated by using the lighting 
circuit, including an adjustable resistance, or by means of 3 or 4 
accumulators in series. When using the former adjust the resistance 
until the platinum is red or white hot and the sodium is ignited, 
whereon immediately switch off the current. Lower the mercury 
level to keep pace with the expanding gas. If the sodium goes out 
re-ignite it once more. Obviously, if the action is finished, re¬ 
ignition is impossible. Allow the gas to cool and adjust the levels. 

Expt. 427 .—The Volume of Nitrogen in Nitric Oxide. J. A. 

Schofield, 1909 

The same apparatus may be used, but the spoon must be above 
the half-way line. Arrange the apparatus as in the last experiment. 
Pass dry nitric oxide (for preparation see Expt. 383, p. 314) in at B 
until the gas issuing at C is colourless. Ignite the sodium and 
proceed as in Expt. 426. 

Aspirator Methods. W. Ramsay, 1884. E. H. Reiser, 1886.— 
Ramsay seems to have been the first to use an aspirator method for 
the analysis of the oxides of nitrogen for instructional purposes. 
Since its inception the method has been variously modified and 
much extended. Ramsay passed an indefinite volume of nitrous 
oxide slowly over hot copper turnings, and collected the nitrogen 
in an aspirator. The weight of copper oxide formed was found. 
The densities of nitrogen, oxygen, and nitrous oxide had previously 
been determined, so that sufficient data were now available for 
ascertaining both the gravimetric and volumetric composition of 
the gas. The principle employed was ingenious ; the nitrous oxide 
was prepared and dried in the experiment, consequently, since only 
nitrogen was collected, the solubility difficulty, incumbent on using 
nitrous oxide, was entirely avoided., Ramsay's method was not 
intended for the lecture-room, and although not difficult it requires 
the whole of the teacher's attention. A modification is described 
below (Expt. 428). 
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E. H. Reiser (1886) took a definite volume of either of the 
oxides, contained over water in a Hempehs burette; he passed the 
gas through a heated tube of narrow bore completely filled with hot 
copper and collected the resulting gas in a Hempers pipette. The 
gas was passed backwards and forwards over the hot copper until 
the cooled volume was constant, Mellor (1912) reproduces the 
experiment but substitutes mercury for water and uses a silica tube 
of narrow bore for the combustion. With nitric oxide an answer 
of acceptable accuracy, 2-4 per cent., may be obtained by working 
over water, but for nitrous oxide, mercury must be used if a reason¬ 
ably accurate result is to be obtained. When mercury is used the 
more reactive iron might with advantage replace the copper. 

Expt. 428 .—Analysis of Nitrous Oxide. The Aspirator Method 
modified. F. 

Previous to the lesson an aspirator is filled with nitrous oxide. 
To do this take sufficient ammonium nitrate mixture to supply 
nitrous oxide not only to fill the aspirator but to saturate the water 
of the reservoir. Proceed as follows:— 

Powder 10 gm. of sodium nitrate and mix it thoroughly with 
9 gm. of ammonium sulphate. Heat the mixture in a small 
(50--100 c.c.) flask and adjust the flame to secure a brisk evolution 
of gas. Collect and discard 200-300 c.c. and then pass the gas into 
an aspirator. When the aspirator is full, change the delivery tube 
for a long right-angled tube and let the rest of the gas evolved 
bubble through the water of the second bottle, B, of the aspirator 
pair. Have this bottle about three-quarters full of water; the water 
thus becomes saturated with nitrous oxide and an atmosphere of this 
gas collects over the liquid. When the preparation mixture ceases 
to evolve gas close the aspirator with a rubber bung, and so retain 
the atmosphere of nitrous oxide. 

Fit up the apparatus as shown in fig. 123. The combustion tube 
should be of hard glass and 9-12 inches long. Fill this tube com¬ 
pletely with copper turnings held in position between plugs of 
asbestos wool. Support the tube over a Ramsay burner. Before 
the experiment begins adjust the levels of water in A and B, if 
necessary by elevating B, and mark the water level in A with a 
band of paper. Now connect the aspirator to the combustion 
tube and elevate B so that when the clip (or tap) C is opened gas 
in A may be forced over the hot copper. When all is ready make 
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the copper red-hot, then gradually open first the clip G (if water 
comes over, an equivalent amount will run back when the apparatus 
cools). Next open and so adjust the clip C that the water flows 
into H in quick drops, not in a stream. Black copper oxide appears 
in the tube and the experiment should be stopped while there is 
still an inch-length of bright copper at the end E. However, collect 
200-300 c.c. of water in H if possible—this will require about 20-30 
minutes. Close the clip C, and, when the combustion tube has 
cooled, adjust the levels of F and H, and then close G and detach 



the receiver H. Show that the gas in F is not nitrous oxide but 
has the properties of nitrogen. Adjust the water levels in A, B, 
and mark the water level in A with a band of paper. Clip the 
rubber tubing between A and B; detach A from the apparatus and 
pour out the water until it stands at the original level. Now pour 
in water from the receiver H. It fills A exactly to the second mark. 
By working with a large volume of nitrous oxide, 200-300 c.c., the 
air in the combustion tube and the connection CD becomes 
negligible. 

Expt. 429 . — The Analysis of Nitric Oxide. E. H. Reiser, 1886 

A definite volume of nitric oxide, contained over water (or 
mercury) in a Hempel's burette, is passed to and fro over heated 
copper, and the nitrogen liberated is measured. 

Fit up the apparatus shown in fig. 124. B is a silica tube 8 inches 
long and of narrow bore, say 3 mn>. Make the connections with 
pressure tubing, and let these connections form the right-angle 
bends. Have a minimum of free rubber between the tubes it 
connects—just sufficient to form the bend. Fill the silica tube 
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completely with freshly reduced copper held between plugs of 
asbestos. If time allows, reheat the copper in hydrogen just before 
the lesson (then seal the tube by clipping the rubber connections) 
to ensure that the surface of the metal is in an active state, see the 
remarks on p. 387. Remove the silica tube and fill the Hempers 
burette, including the jet of the tap, with water. The nitric oxide 
should be ready in an aspirator or made in the special preparation 
apparatus (p. 400). Half-fill 
the preparation bottle with 
crushed ferrous sulphate, 
then completely fill the ap¬ 
paratus and delivery tube 
with dilute sulphuric acid, 

4-6 N, exactly as described 
in Expt. 442. Replace the 
sulphuric acid in the dropping 
funnel by ordinary concen¬ 
trated nitric acid. Place the 
end of the delivery tube in 
a vessel of water. Run nitric 
acid in small portions until 
a brisk action begins. In¬ 
variably, by the vigour of of Nitrous Oxide, 

the action, some liquid is (Keiser.) 

expelled from the flask and would enter the apparatus if the 
flask were at once connected to the burette. As soon as no 
more liquid is expelled run in drops of nitric acid until a steady 
stream of gas is obtained, and connect the flask to the burette. 
To do this detach the preparation flask by the rubber connection, 
and connect it to the jet of Hempers burette, open the tap, and allow 
30-50 c.c. of gas to enter. Close the tap, adjust the level, and note 
the volume. Fill the tube A of the other Hempers burette com¬ 
pletely with water, then insert the silica tube in the position shown. 
Open the clips and heat the silica tube. Use a flame spreader or 
two Bunsens and make the tube as hot as possible, for the reaction 
velocity is increased by rise of temperature. Raise the levelling 
tube very gradually and so pass the nitric oxide slowly over the 
hot copper. No fracture will result if a little water enters the silica 
tube. Lower the levelling tube and so draw the gas back again. 
If the copper powder is freshly reduced and sufficiently hot the 

25 
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volume of the nitric oxide will be reduced by half after one passage 
through the tube ; but pass the gas to and fro a few times to show 
that the action has finished. Adjust the levels and read the volume. 

The accuracy attainable is about 2 per cent. Both the pipette and 
burette may be replaced by the small home-made aspirator (p. 308). 

Erpt. 430 .—Nitrous Oxide reduced by Copper Powder 

Owing to the high solubility of nitrous oxide in water it is better 
to work over mercury; still, this advantage accrues, the more 
reactive iron can be used in place of copper. 

The small home-made aspirators (p. 308) are most convenient 
for this experiment. Fill one of these with mercury and then 
introduce dry nitrous oxide, either from a cylinder of compressed 
gas or by the preparation method of Expt. 428. Charge the silica 
tube as before, using either reduced iron or copper. Connect a 
second small aspirator, full of mercury, to the other end of the 
silica tube, and proceed as in Expt. 429. 

Expt. 431 .—The Volume of Nitrogen in Nitric Oxide. Decomposition 
by a Glowing Iron Spiral. A. Rung, 1916 

I do not know to whom this experiment is due ; it is mentioned 
in early editions of Roscoe and Schorlemmer (1881). Since then it 
has been described several times, for instance, by Newth (1892), who 
contained the nitric oxide over water, and by W. E. Palmer (1929), 
who used an elaborate apparatus and worked over mercury. 
Newth's method must be inaccurate, since it is well known that iron 
will decompose steam at quite low temperatures. The simplest 
apparatus to use is Kiing's (fig. 125), 

Attach a spiral of thick iron wire to the interior terminals of 
Kiing’s apparatus (see p. 387). Arrange for the spiral to reach 
just above the half-way mark of the volume of nitric oxide taken. 
Prepare dry nitric oxide (Expt. 383) and introduce 20-30 c.c. into 
the apparatus. Connect the exterior terminals to the lighting circuit 
through a suitable rheostat. Adjust the current to get the wire 
red-hot. The temperature must be sustained 20-30 minutes. At 
the end of this time allow the tube to cool, adjust the levels, and 
note the volume—which should by now be half that of the original 
gas. Reheat the wire for another 5 minutes, then repeat the 
cooling and levelling and once more note the volume—which 
should be unchanged; 
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The experiment is not to be recommended to those whose lesson 
period is 40-45 minutes, unless the teacher can profitably spend 
the time whilst the slow decomposition proceeds. 


Reduction of Nitric Oxide by Iron Powder.—^The French chemists 
P. Sabatier and J. B. Senderens, famous for their work on catalysis, 
showed in a series of papers, 1892-1896, that 
nitric oxide reacts with reduced iron at 200° C. 
with incandescence, forming black ferrous 
oxide and liberating nitrogen ; while metal in 
the sheet and wire form is acted upon only at 
the temperature at which nitric oxide itself 
decomposes. Similarly, nitrous oxide is de¬ 
composed by reduced iron below 170° C., 
forming red ferric oxide and liberating nitrogen. 

Sabatier and Senderens likewise discovered 
that freshly reduced iron and copper powder 
have the remarkable property of adsorbing 
nitrogen peroxide, a fact of the utmost signi¬ 
ficance when a tube containing air and iron 
powder is being filled with nitric oxide. 

The application of this knowledge afiords 
the simplest means I know of demonstrating 
the volumetric composition of nitrous and 
nitric oxide, for the reactions can be carried 
out in tubes of soft glass. A supply of reduced 
iron should be at hand; for its preparation 
see p. 40. Of the several methods of preparing 
nitric oxide I prefer that of Thiele when a 
steady stream of pure gas is required. 


Prepaxation of Nitric Oxide (J. Thiele, 1889). ^iing's Eudiometer. 
—Use the apparatus of fig. 89. Half-fill the 
flask with crushed crystals of ferrous sulphate and add dilute 
hydrochloric acid (or sulphuric acid), 4-6A^, until the flask is three 
parts full—this leaves little air to be expelled. Prepare in a beaker 
a small quantity of a strong or a saturated solution of sodium 
nitrite (S«83 at 20°). 

By mouth-suction fill the stem of the dropping funnel with this 
solution. Pour the rest of the solution into the funnel. Warm the 
flask to 30-40® C. and remove the flame, for no further heating is 
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n^ceasaryt On running in the nitrite riowly by drops a brisk, steady 
stream of nitric oxide is evolved. Dry the gas by passing it through 
sulphuric acid. 

Eacpt. 432 .—Nitric Oxide reduced by Iron Powder 

A tube containing a small quantity of reduced iron is filled with 
nitric oxide and sealed with clips. The iron is heated gently in 
one place, whereon a bright glow spreads through the mass. When 
cool, the tube is opened under water which rises to the half-way 
mark. The residual gas is found to be nitrogen. 

Take a length of soft-glass tubing of bore J-*! inch and pull out 
the ends to the size of ordinary quill tubing. Place a rubber 
connection and clip on each end. The finished tube should be 
i2-r6 inches long. (A lo-ib-inch length of tubing closed with 
one-holed corks and fitted with glass-tubing, rubber and clips, would 
serve, but the tapered tube is simple and eliminates two possibilities 
of leaks.) Introduce i~2 gm. of reduced iron. (If the quality of 
the reduced iron is doubtful, join the tube to the gas supply, pass 
a slow stream of gas, and heat the iron with a nearly luminous 
flame for a few minutes. Cool in coal gas.) For the success of the 
experiment it is most essential that no nitrogen peroxide should 
pass into the combustion tube while it is being filled with nitric 
oxide—^the higher the quality of the reduced iron the more necessary 
is this precaution. Air, therefore, must be driven out of the tube 
before nitric oxide enters. Expel the air by passing in coal gas 
for one minute. 

Meanwhile, assemble the apparatus of fig. 89 for the preparation 
of nitric oxide, add a sulphuric acid wash-bottle, run in the sodium 
nitrite by drops, and let the evolved nitric oxide pass into a solu¬ 
tion of ferrous sulphate, until the wash-bottle is free from air—as 
indicated by the disappearance of red fumes. 

Now link up the nitric oxide apparatus with the combustion tube 
and pass the nitric oxide through until the gas issuing at the end 
blackens a solution of ferrous sulphate. The filling process con» 
sumes only two or three minutes. Close each clip tightly and remove 
the nitric oxide apparatus to the fume cupboard. Heat the tube 
gently in one place. In a few seconds, long before the glass is 
dull redi 4 bright glow appears and spreads through the entire 
mass of iron without any further heating. Rotate the tube tu 
expose a fresh surface of iron and beat again to ensme oompletiaii 
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of action. Allow a minute or so for the tube to cool, immerse one 
end in a trough of water which has been standing for some hours 
in the room. Bring the tube to the temperature of the room by 
pouring some of this water over it. Compress the free end of the 
rubber beyond the clip to expel air from the tube. Now open the 
clip. The water rises half-way. Transfer to a cylinder of water 
and adjust the levels if desired (but see p. 31O). 

Liberate the residual gas and show that it is not nitric oxide. 

The Volume of Hydrogen in Hydrogen Sulphide 

The only constant usually found, other than the densities concerned, 
is the volume occupied by the hydrogen released from a definite 
volume of hydrogen sulphide. For this determination a variety of 
methods is available, 

Ezpt. 433.—^Hydrogen Sulphide decomposed by Sparking. E. Fischer 

Prepare dry hydrogen sulphide by the action of dilute acid on 
pure ferrous sulphide as described in Expt. 388. Fill any of the 
eudiometers described on p. 342 with mercury, and following the 
procedure there detailed introduce about 10 c.c. of the gas. Pass 
sparks from a powerful induction coil (one capable of giving a 1-2- 
inch spark) for about 5 minutes. Sulphur is deposited. Allow the 
gas to cool and note that the volume is unchanged. Pass sparks 
for another 5 minutes: the volume of the cooled gas remains 
unchanged. Draw off and identify the residual gas as described in 
Expt. 407, 

Ezpt. 434.—Hydrogen Sulphide Decomposition by Olowing Iron. 

A. Rung, 1916 

An enclosed volume of hydrogen sulphide is decomposed by a 
spiral of iron wire heated by electricity. 

HaS-^Fe*H,4FeS 

This neat method is more rapid than the sparking procesd and 
requires simpler apparatus. A large open U-tube of any convenient 
size, say 15-18 inches in height, is required. One limb is fitted with 
a three-holed rubber stopper (fig. 125) through which pass a three- 
Way tap and two stout rods of nickel or iron. The outside ends of 
these rods are fitted with binding screws and connected through 
in adjustable resistance to the lighting circuit. The spiral of iron 
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wire is fastened to the inside ends of the rods by binding screws, or 
otherwise. When ready, the current is turned on and the resistance 
adjusted so that the wire glows. The apparatus is filled with 
mercury and 10-20 c.c. of dry hydrogen sulphide introduced by 
means of the three-way tap as described on p. 303. The current is 
switched on and decomposition is complete in less than a minute. 

The idea of decomposing a gas by an iron wire raised to a white 
heat by an electric current is not new. Such a method was described 
by Buff and Hofmann in i860 for the analysis of nitric oxide, but 
Kiing was the first to apply the method to the analysis of hydrides 
and to devise a simple apparatus wherewith the experiment may 
be easily performed and rapidly repeated. Hydrogen bromide, 
hydrogen chloride, and phosphine may all be decomposed in the 
same rapid way ; methane takes somewhat longer. A fresh wire 
must be used for each experiment. 

The apparatus need not take the form of the U-tube of Kiing. 
I prefer a straight tube of soft glass, tapered at one end to take 
pressure rubber so that a small mercury reservoir may be affixed. 
Such an apparatus (fig. 125) is easily made, and is more compact 
and less likely to get broken than a U-tube. 

Decomposition by Tin. —In several methods the gas is heated with 
tin in a sealed tube. The injunction, frequently found in books, to 
use hard glass for these experiments introduces an unnecessary 
difficulty. The action takes place below the melting-point of tin— 
i.e. well below the softening-point of ordinary soda glass. I have 
used soft glass in these experiments for many years ; it is easy to 
work and rarely cracks. The glass from which a good-quality test- 
tube or bacteriological tube is made is highly suitable. 

Expt. 435.—Method (a)—In a Bent Tube over Mercury 

The bent tube is filled with mercury, charged with dry hydrogen 
sulphide, a small compact piece of tin introduced, and the action 
carried out exactly as described for nitrous oxide (Expt. 424). 

Expt. 436.—Method (b)—In a Sealed Glass Tube 

Procure a length of thick-walled soft-glass tubing of inch in 
cross-section. Draw it out as shown in fig. 126, leaving about 
9-12 inches between the constricted portions. First draw out the 
end A to a capillary opening, then make rolls of tin foil—by wrap¬ 
ping the foil round a lead pencil—and introduce these into the tube 
until a length of about 8 inches is occupied. Push the tin down to 
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the end A and then draw out the end B, leaving it as in the sketch. 
By means of a cork and tubing connect C to the hydrogen sulphide 
supply. Pass the dry gas through for about 5 minjites. By con¬ 
necting the end A with the hydrogen sulphide trap (p. 190) the 
tube may be filled on the open bench. The copious precipitate' of 
copper sulphide in the trap shows that the air has been expelled. 
Remove the trap and seal the end of A by touching it in a Bunsen 



Fig. 126. 


flame. Now do the same to B, getting an assistant to remove the 
preparation apparatus to the fume cupboard as soon as the seal is 
made. 

Heat the tube gently, using an almost luminous flame ; the tin 
soon darkens and crumples up, indicating that chemical action is 
taking place. When the tube is cool stand it in a mortar contain¬ 
ing mercury, and break the end of the tube by tapping it on the 
bottom of the mortar ; alternatively, crush the end of the tube 
with a pair of iron pliers. No change of volume is observed. 

Expt. 437 .—Method (c)—Shenstone's Procedure. W. A. Shenstone, 
1904 

Fuse a length, 9-12 inches, of soft-glass tubing, inch in cross- 
section, to a Y-tube—or these tubes may be joined by means of 
corks and a glass elbow. Attach a mercury reservoir to the 
Y-tube, by means of pressure rubber. Fit up the apparatus as 
shown in fig. 127. Close the end of the exit tube K with a Bunsen 
valve H. 

Fill the gas jar with dilute caustic soda solution. When every¬ 
thing is ready, open the clip C and lower the mercury reservoir so 
that gas may pass through the Y-tube. Run a few c.c. of acid on 
the ferrous sulphide and, if necessary, warm the preparation flask 
gently, to obtain a brisk stream of gas. The rate can be judged 
by the air forced through the valve. The rapid evolution of air 
soon slows down: at this stage arrange for a slower stream of 
hydrogen sulphide to pass—by removing the flame or stopping the 
supply of acid—otherwise the gas will pass right through the soda 
solution and mask the point when the apparatus is air-free. After 
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about 10 minutes, gas is no longer (or only in minute bubbles) ex¬ 
pelled from the valve—although the effervescence in the preparation 
flask indicates a brisk evolution of gas. 

Close the clip securely, and detach the preparation apparatus. 
Add a delivery tube to B and let any further evolution of gas pass 
into a hydrogen sulphide trap (p* 190), 

Raise the mercury level high up in the U-tube, thus enclosing 
the gas under pressure. Open the clip for a moment to allow the 



pressure to become atmospheric and then mark the mercury level. 
A definite volume of gas is now enclosed. Heat the experimental 
tube gently, using an almost luminous flame ; the tin darkens and 
crumples up: meanwhile a helper lowers the mercury in the U-tube 
—obviously not below the bend. 

On cooling and adjusting levels the mercury rises to the original 
mark. 

A Bunsen Valve.—To make a Bunsen valve take a piece of con¬ 
nection rubber about 2 inches long and pull it over a stick of wood—‘ 
Such as a penholder. With a sharp knife cut a slit in the rubber, 
along the direction of its length, about f-J inch long. Remove the 
wood, fix the rubber on the delivery tube, and close the free end of 
the rubber with a glass plug. The valve opens when there is 
sufficient pressure in the delivery tube, but closes when this pressure 
diminishes and thus prevents any liquid sucking back« 
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THE COMPOSITION OF AMMONIA 

The constants usually determined comprise: 

(a) The densities of ammonia and of each of its components ; 

(b) The volumetric ratios, nitrogen to ammonia, and 

{c) Nitrogen to hydrogen ; and 

{d) The space occupied by the constituent gases when ammonia 
is decomposed by sparking. 

There is no necessity to make all these determinations, for if some 
constants are found by experiment the others follow from calcula¬ 
tion. The determinations of the ratios (c) and (6), formerly considered 
difficult, are now, owing to the discovery of simple methods, so easy 
of accomplishment that they may be given as class experiments. 

Expt. 438, —Ammonia decomposed by Sparking. A, W. Hofmann, 

1865 

A definite volume of ammonia is broken up into its constituent 
elements by means of electric sparks. 

2NH3«N, + 3Ha 

Use any of the eudiometers described on p. 342, fill it with 
mercury, introduce about 10 c.c. of dry ammonia (Expt. 387) and 
mark the volume. Connect the terminals of the eudiometer to the 
secondary terminals of an induction coil and pass sparks for about 
10 minutes. Do not lower the level of the mercury, for the sparks 
decompose the compressed gas more effectively. Allow the tube 
to cool, adjust the levels, and note the volume—which is usually 
doubled after 10 minutes' sparking. Spark for another 5 minutes, 
when again cool, and note the volume. No further change should 
have taken place. 

To demonstrate to a young class that the gaseous mixture consists 
of 3 volumes of hydrogen and i of nitrogen is a long and difficult 
task. (It involves adding an excess of oxygen, measuring* explod¬ 
ing, measuring again, removing the excess of oxygen, measuring 
and identifying the nitrogen.) From earlier experiments it is 
already known that ammonia consists of nitrogen and hydrogen, 
and that it is decomposed by heat into its constituent elements. The 
present experiment therefore only shows that the constituent gases 
take up double the space occupied by the ammonia; it gives no 
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information of their relative proportions. If now we can find the 
volume of the nitrogen in ammonia, sutficient information is 
available to enable us to complete the quantitative analysis. 

The Volume of Nitrogen in Ammonia 

Following the procedure of Hofmann, this ratio is usually found 
by decomposing a definite volume of ammonia by the action of 
alkaline hypobromite and measuring the liberated nitrogen. 

2NH3 + sKOBr = Ng + 3KBr + 3H2O 

Hofmann (1883) carried out the experiment in the stoppered 
U-tube (fig. 128) which represented the final model of his gas¬ 
measuring tube. Ramsay (1884) used a straight tube 
closed at one end. Ostwald (1900) worked over 
mercury in a way corresponding to Expt. 421 ; 
Freund (1910) used the apparatus (fig. 117) specially 
devised for gas-volumetric experiments. Many years 
ago the writer modified Ramsay's method by sub¬ 
stituting a glass-tap burette for the straight tube. 
The technique of this experiment is easy, the ap¬ 
paratus is simple, and results within the expected 
accuracy are readily obtained. Those who have little 
time for experiments illustrative of Gay-Lussac’s 
law should include this one in their scheme. 

Expt. 439 .—Using Freund's Apparatus. Ida Freund, 
1910 

Set up an apparatus for the preparation of dry 
ammonia as in Expt. 387. Close the absorption cup 
of Freund’s apparatus with a one-holed rubber stopper 
carrying a piece of glass tubing, and connect it to 
the ammonia supply. Open both the taps and pass 
Hofmann's ^ brisk stream of ammonia through the apparatus 
Ammonia ammonia issues at the lower end. (The 

Apparatus filling occupies only 3-5 minutes, and if time allows 

(1^83)* a trial tube of the issuing gas should be collected 

over mercury and absorbed by water.) First close the lower, next 
the upper tap, and detach the apparatus. Blow the ammonia 
out of the cup with a small hand-bellows and fill the cup with a 
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solution of potassium hypobromite. A convenient quantity of this 
reagent is made by dissolving 8 gm. of potassium hydroxide in 
100 c,c. of water and adding 2 c.c. of bromine to the solution. 
Cautiously open the tap and let in a few c.c. of the hypobromite ; 
a vigorous effervescence ensues, nitrogen is liberated, and the liquid 
becomes colourless. In the same cautious way—for there is now 
a partial vacuum inside—introduce more hypobromite until the 
solution inside is yellow, showing excess of hypobromite. Allow 
sufficient time for the nitrogen to stream out of the solution, then 
immerse the apparatus in a deep cylinder of water, open the lower 
tap, and adjust the levels. Read the volume of the nitrogen. If a 
deep cylinder is not available, the levels may be adjusted by attach¬ 
ing a travelling reservoir to the tap, as shown in fig. 117. This would 
be an extremely easy operation if the lower tap were of the three- 
way pattern (see note, p. 308, on purchasing apparatus). It would 
be necessary merely to turn the tap so that the jet and channel of 
the stop-cock were in communication, affix the reservoir, and let 
water run through—always keeping the reservoirs filled—until no 
more air bubbles escaped, then turn the tap so that the apparatus 
and reservoir were in communication. With a two-way tap 
proceed as follows :— 

Before affixing the reservoir place the free end of the connecting 
rubber in a trough of water and run water through the rubber until 
all air is expelled—as before, always keeping the reservoir charged 
with water. Now clamp the apparatus over the trough with its 
jet immersed in the water and join on the rubber. A small error 
is caused by the air trapped in the jet, but its amount is negligible 
compared with the volume of gas taken. A much larger error 
(over 2 per cent.) is introduced if the correction for the pressure of 
water vapour is ignored. 

Hofmann (1883) used the apparatus of fig. 128 for this experiment. 
The stoppered limb was filled with dry ammonia in a way similar 
to that above described. The open limb was then charged with a 
solution of potassium hypobromite. 

Expt. 440 .—Ramsay’s Method modified. W. Ramsay, 1884. F. 

Procure a glass-tap burette (preferably get three or four ready) 
and a rubber bung to fit it tightly. Before the lesson find the 
volumes of the uncalibrated portions. Dry the burette and lubri¬ 
cate the stop-cock. Fit up an apparatus for the preparation of dry 
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ammonia as in fig. 129. Place the burette over the delivery tube as 
shown ; rest the end of the burette on a pad of cotton wool. To a 
certain extent this pad prevents disturbance from the air currents 
so prevalent in a lecture-room. Pass in a brisk stream of dry 
ammonia for 4-5 minutes. Next withdraw the burette very slowly, 
keeping the end closed with the pad of 
cotton wool. Insert the bung. (The long 
filling of the first burette having expelled 
the air from the apparatus, a succession of 
burettes may now be filled by placing each 
over the delivery tube for one minute.) 
Place the hypobromite solution in a small 
mortar, and clamp the burette with its tip 
in solution (fig. 131 (c)). The liquid soon 
rises into the burette—if it does not, cool 
the burette by swabbing it with a little ether 
on cotton wool. After a time the action 
temporarily ceases owing to the exhaustion 
of the top layer of hypobromite. At this 
stage close the tap and invert the burette. 
On again opening the tap under the solution 
the liquid rapidly rises and excess of 
hypobromite enters. (The liquid often 
temporarily rises well abo\"e the half-way 
mark but is depressed again by the liberated 
nitrogen.) Transfer the burette to a tall 
cylinder of water, adjust the levels, and 
read the volume (fig. 131 (d)). 

The volume of air in the jet below the 
tap (o*2~o*3 c.c.) may be found and allowed 
for if desired. Actually it is negligible; 
a 50-c.c. burette holds about 60 c.c. and the 
Fig. 129. error introduced is about o*3-o*4 per cent. 

With a loo-c.c. burette—a site desirable for 
the lecture-room—the error is correspondingly smaller. Measuring 
the ammonia dry and nitrogen over water introduces an error of 
over 2 per cent. Nevertheless, the method generally yields extra¬ 
ordinarily accurate answers, often within 0-2 per cent, of the correct 
Value. 1 believe this accuracy to be due to the tendency of nitrogen 
to remain in supersaturated solution, thus diminishing the volume 
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of measured gas and compensating for the space occupied by the 
water vapour. 

If the experiment is not to be repeated by the class, two or three 
burettes should be filled and successively opened under the hypo- 
bromite solution. The effect of seeing the liquid rise to the half-way 
mark in burette after burette is impressive and convincing. 

Ramsay used a long tube closed at one end. The tube was filled 
with ammonia, closed with the thumb, and opened under the hypo- 
bromite solution. 

Expt. 441.— Ostwald’s Procedure. Wm. Ostwald, 1900 

The definite volume of ammonia is contained over mercury, and 
the solution of hypobromite passed through the mercury into it. 

A thick-walled tube, 12-15 inches long and J-f inch bore, closed 
at one end, is required. The hypobromite solution should be 
stronger than that given in Expt. 

439. Use 50 c.c. of water, 7 gm. 

KOH (or 5 gm. NaOH), and 3 c.c. 
of bromine. Generate a stream 
of dry ammonia and do not pass 
it into the experimental tube 
until a trial specimen of the gas 
is completely absorbed by water. 

At this stage, using a dry delivery 
tube, nearly fill the experimental 
tube with ammonia, as in fig. 

116(6): adjust the pressure and 
note the volume. By means of a 
bent pipette (fig. 130) pass a little 
water into the ammonia — the 
mercury rises and fills the tube. 

In a similar way introduce the 
hypobromite solution into the ammonia, always keeping plenty of 
liquid in the pipette so that no air is blown up. (This is where the 
experiment is apt to be spoilt.) 

Obviously if the liquid is completely decolorised sufficient 
hypobromite has not been added. 10 c.c. of the above hypobromite 
solution is more than sufficient for 100 c.c. of ammonia. When the 
evolution of nitrogen has ceased, close the tube with the thumb, or 
a rubber bung, and transfer it to a cylinder of water to adjust the 
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levels. Show that the gas is nitrogen. This neat and spectacular 
method of Ostwald is well suited for lecture presentation. 

The Volume of Hydrogen in Ammonia.—If the several densities 
have been determined this constant may now be calculated. Thus : 

1000 c.c. of ammonia at N.T.P. weighs 0760 gm.* 

This volume of ammonia contains 500 c.c. nitrogen =0*625 
Therefore the hydrogen in 500 c.c of ammonia 

must weigh o*i35 

Now 0*135 gm. hydrogen occupies 1500 c.c. 

From this calculation the class arrive at the striking conclusion 
that in i volume of ammonia ^ a volume of nitrogen and volumes 
of hydrogen are combined ; or, eliminating the fractions, 2 volumes 
of ammonia contain i volume of nitrogen and 3 volumes of hydrogen. 
The deduction may now be checked in several ways. 


The Volume Ratio, Nitrogen: Hydrogen, in Ammonia. A. W. 

Hofmann, 1865 

Hofmann's adroit adaptation of the action of chlorine on ammonia, 
whereby in a single reaction he illustrates the ratio by volume in 
which hydrogen and nitrogen combine, is one of the best known 
of gas-volumetric determinations. 

A definite volume of chlorine is brought into contact with excess 
of ammonia. The chlorine reacts with its equivalent of ammonia 
— i.e, with that amount of ammonia which contains a volume of 
hydrogen equal to the chlorine. The nitrogen liberated is measured 
and its volume compared with that of the chlorine taken. 

2NH3+3Cl2=6HCl+N2 

Considerable misconception seems to exist with regard to the 
difficulty of this experiment. The misconception partly arises from 
a slavish adherence to Hofmann's original apparatus, and partly 
from the mistaken idea that the tube must be fiUed with chlorine 
by displacement of air—a long and, with Hofmann's cumbersome 

♦ As is well known, easily liquefiable gases such as chlorine and ammonia 
show marked deviations from the laws of Boyle and Gay-Lussac, Con¬ 
sequently the molecular weights calculated from the experimentally found 
densities exhibit corresponding deviations. To avoid this difficulty the 
calculated value of the density has been used. 
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tube, awkward operation. Actually the entire experiment, in¬ 
cluding the preparation of the chlorine and filling of the experi¬ 
mental tube, may be done on the open bench, without the least 
inconvenience, in a lesson period of 40-45 minutes. Likewise it 
may be safely carried out in the laboratory as a class experiment. 

In order to make the experiment visible to his large audience 
Hofmann contained his chlorine in a tube i-ij metres long. The 
ammonia was introduced by means of a funnel fixed to the tube 
by a rubber stopper. Later, for Hofmann constantly improved his 
apparatus, the funnel was sealed to the chlorine tube (fig. 131 («)). 
In 1883 he substituted for this apparatus the stoppered U-tube 
(fig. 128); this is easier to fill, it presents no levelling difficulties, and 
it constitutes the final development of his gas-volumetric apparatus. 
Despite these advantages and its presence in makers' catalogues, I 
know of no English text-book which describes this apparatus for the 
analysis of ammonia. 

The compact apparatus of Freund (fig. 117) was specially de¬ 
signed to eliminate the filling and levelling difficulties incumbent 
on using Hofmann's original apparatus. But previous to this— 
namely, in 1889—the Italian chemist Alessi had pointed out that 
the experiment could be satisfactorily done in a stoppered bottle 
(Alessi used a wine bottle) containing a small sealed vial of ammonia. 
For many years I have used a glass-tap burette for the experiment, 
allowing the ammonia to enter through tlie tap. 

It should be noted that Hofmann filled his apparatus with chlorine 
by displacement of water. Even now some writers recommend 
filling the tube by displacement of air, a long, inconvenient, un¬ 
necessary operation, introducing a positive error of over 2 per cent., 
inasmuch as the chlorine is measured dry and the nitrogen damp, 
unless of course a correction is made, a procedure which is not 
usually done with a young class. Ida Freund, who called attention 
to this error, and published much penetrating criticism of writers 
on volumetric experiments, especially with regard to the accuracy 
attainable in this class of work, employed the method of dry filling, 
yet entirely overlooked the fact that a tube may be fiUed over brine 
rapidly and within an error of less than 0-2 per cent. 

By means of the filling procedure about to be outlined, any of 
the pieces of apparatus described may be filled with chlorine on the 
open bench in about i minute, with a positive error of only 
0*2 per cent. 
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A flpeeial Preparation Apparatus. F.—The apparatus is depicted 
in fig. 131 (S). It consists of a dropping funnel sealed to the inlet 
tube of a Drechsel wash-bottle. A Schramm brominating flask 
(fig. 131 (/)) would serve equally well. One reagent, in solid 
form, is placed in the bottle and the whole of the remaining space 
in the bottle and delivery tubes is filled with 
water or other liquid, thus entirely excluding 
air. The second reagent is placed in the drop¬ 
ping funnel. On mixing the reagents, gas is 
evolved, and passes forthwith into the liquid- 
filled collecting vessel. Chlorine, nitric oxide, 
carbon dioxide, and hydrogen sulphide can be 
collected over liquids in this rapid way. 

Ezpt. 442 .—Hofmann’s Analysis of Ammonia 

Use a glass-tap burette, Freund's apparatus, 
or Hofmann's straight tube (fig. 131 (a)), in 
conjunction with the special preparation appa¬ 
ratus. Obtain a perfectly clean 50 (or better 100) 
c.c, glass-tap burette--preferably one with the tip broken off so that 
only about half an inch is left. Dry the tap barrel and stop-cock 
and lubricate them with vaseline or rubber-vaseline. Close the 
burette with a well-fitting rubber bimg. Find the volumes between 
the 50-c.c. mark and the tap, and between the zero mark and the 
bung. Prepare a quantity—say a litre—of a saturated solution of 
common salt. Remove the stopper—which carries the funnel and 
delivery tube—of the special gas-preparation apparatus AB and fill 
the stem of the funnel with salt solution by mouth-suction at S. 
Place two saltspoonfuls of solid potassium permanganate in A, insert 
the stopper; place the end of the delivery tube under a small 
receptacle (a small mortar) full of brine, and fill the whole apparatus 
and delivery tube with brine by running it in through B—taking care 
of course always to have some liquid above B. Remove any air 
bubbles which lodge in a comer by suitably tilting the apparatus. 
The object of using a small vessel of brine is to avoid discolouring 
the bulk of the brine with permanganate, some of which always 
comes over while the air is being expelled from the apparatus. 

Fill the burette with brine and clamp it in position over a mortar 
of brine. Lift the end of the delivery tube and place it in position 
under the burette EF. Run the rest of the brine out of C and put 
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in some cone. HCl; on running a little of this into A chlorine is 
immediately evolved—in quantity easily controlled by the amount 
of HCl run in—and in less than a minute the burette is full of pure 
chlorine. Let the burette drain for a few minutes ; if the walls are 


^- Uh5 metres 



Fig. 131.—Hofmann's Analysis of Ammonia, (a) Hofmann's chlorine 
tube; filling over brine; (c) admitting the ammonia; (d), (e) adjusting 

the levels. 


clean the amount of adhering salt solution is about 0*2 c.c., which 
dissolves about o-i c.c. of chlorine—a negligible error within the 
accuracy attainable. Insert the bung ; in doing this keep hot hands 
off the burette ; it is advisable to lift the burette almost to the top 
of the liquid, hold the end E with the fingers of the left hand practi¬ 
cally under the brine, and leisurely and lightly insert the bung. 
Now remove the burette from the stand; push the bung well in, 
and finally rapidly open and dose the tap to adjust the pressure. 
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Next clamp the burette with its tip in a small receptacle of strong 
ammonia—a small mortar or a potted-meat jar is more stable than a 
crucible (fig. 131 (c )). Swab the burette with ether so that the pressure 
inside is reduced. Next open the tap and cautiously admit about i c.c. 
of ammonia. Remove the burette from the stand and tilt it gently ; 
a small flame follows the ammonia as it runs up the burette, which 
gets pleasantly warm. Cautiously—for the pressure inside is now 
much reduced—admit more ammonia to ensure completion of the 
reaction, but avoid an excess, for ammonia often contains carbon 
dioxide. Now neutralise the ammonia by carefully letting in some 
fairly strong acid solution (HCl i voh, water i vol.) and add an 
indicator to ensure that the ammonia is neutralised, otherwise an 
error is caused owing to the high vapour pressure. 

N.B .—Ordinary o-88 ammonia is about 16N, so that opening 
under water acidified with a little dilute acid is worthless. Adjust 
the pressure to atmospheric by opening the tap under water in a 
tall cylinder; swill the burette to cool the nitrogen and take the 
reading: alternatively adjust the levels by the method (e). 

The Electrolysis of Ammonia 

To deduce the gas-volumetric composition of a substance from 
the result of the electrolysis of its aqueous solution is open to severe 
criticism (see p. 375). 

The evidence of the composition of ammonia afforded by 
electrolysis is less open to this line of criticism. Actually, if the 
experiment is carried out as recommended below, the ammonia is 
not electrolysed at all, but is decomposed by the electrolytic 
chlorine. Furthermore, the experiment is easy of accomplishment 
and full of instructional chemistry. Although used and recom¬ 
mended by such eminent chemists as Emil Fischer, Ltipke, 
Wislencius, Roscoe, and others, it rarely figures in text-books. This 
method of analysing ammonia can be conveniently taken only when 
experiments on electrolysis (Chapter VI) have already been done. 

Two solutions have been suggested as electrolytes: (i) a strong 
solution of ammonia fortified by the addition of some ammonium 
sulphate to increase its conductivity; (2) a saturated solution of 
common salt to which a small volume of o-88 ammonia has been 
added. 

Of these solutions I prefer the latter; the substances used are 
familiar, and the factors involved may be illustrated by the two 
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following ancillary experiments. Thus introduced to young pupils 
the experiment becomes more clear and the deductions more 
convincing. 

Expt. 443 .—The Electrolysis of Common Salt. F. Ancillary to 
Expt. 444 

Charge the U-tube of the apparatus depicted in fig. 105 or fig. 119 
with a saturated solution of common salt. Use a saturated aqueous 
solution of calcium chloride for the collection of the chlorine and 
follow the technique detailed in Expt. 423. Use 3 accumulators 
in series and let the current run for 15-20 minutes before collecting 
the gases. Equal volumes of hydrogen and chlorine are then 
obtained. The result is discussed and a satisfactory explanation 
reached. 

Comparison of Ammonia and Salt Solutions as Electrol3rtes. F.— 

Equivalent solutions of salt and ammonia are used to bridge a gap 
in the lighting circuit. The light glows brightly when salt is used, 
but feebly with the ammonia, therefore, even for a powerful current, 
ammonia is a poor conductor. Accordingly, it is reasonable to 
assume that if to a saturated solution of salt a small amount of 
ammonia is added, the conductivity will be almost wholly due to 
the salt. 

This is one of those experiments where the class should be 
encouraged to predict the action. The way salt should respond 
under the influence of the electric current is known from the earlier 
experiment. What of the chlorine liberated at the anode, atom 
by atom, in the presence of ammonia ? The vigorous action of 
chlorine on ammonia has already been witnessed. The only 
gaseous reactant to be expected in the anode compartments should 
be nitrogen, and the volume of chlorine reacting with the ammonia 
is accurately measured by the volume of hydrogen collected in the 
cathode tube. 

6NaCl- 6Na+3Cl2 
6Na +6H2O = 6 NaOH +3H2 
3Cl2-f2NH3-6HCl+N2 

Expt. 444 . — The Electrolysis of Ammonia Solution. A. W. 

Hofmann, 1869 

Prepare a saturated aqueous solution of common salt, and to 
every 100 c.c. add 7 c.c. of 0*88 ammonia or 10 c.c. of 0*91 ammonia. 
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Place the solution in the U-tube of the apparatus of fig. 119, or 
use any of the voltameters described on p. 352. Use carbon or 
platinum electrodes, and take the current from 3 (or more) accumu¬ 
lators in series. Let the current run as long as possible to saturate 
the liquid with the gases. Then, proceeding as described under 
the manipulation of the several voltameters (p. 352), collect the 
evolving gases. 

The nitrogen collected sometimes falls short of the expected 
amount. Investigation has shown that the deficiency is due to the 
formation of ammonium hypochlorite, an unstable substance. If 
the current is allowed to run for a long time before the gases are 
collected, or if the electrolyte is warmed beforehand, any ammonium 
hypochlorite formed is decomposed. 

The Composition of Methane 

Ezpt. 445 (a).—Decomposition of Methane by Sparking. A. W. 

Hofmann, 1865 

A definite volume of methane is decomposed by the heat of electric 
sparks, and the volume of hydrogen liberated compared with that 
of the methane taken. 

CH4«C+2H* 

Prepare the methane as described on p. 117, and dry it by passage 
through a wash-bottle of sulphuric acid. Fill any of the eudiometers 
described on p. 341 with mercury, introduce 10-15 c.c. of methane 
in the way there described ; measure its volume and then pass 
sparks. After a few minutes call attention to the deposit of carbon 
in the vicinity of the wires and the increasing volume of gas. The 
decomposition proceeds slowly and is not complete for 15-20 
minutes. The carbon deposited on the wires often interferes with 
the sparking. It may be removed by switching off the current and 
mechanically knocking off the carbon by agitating the mercury. 
After sparking for 20 minutes, cool, level, and mark the volume. 
Spark for 5 minutes longer and again allow the tube to cool; adjust 
the levels and note the volume, which now should be constant and 
double the original volume. Draw off the gas, ignite it, and show 
that in its combustion no carbon dioxide is produced. 

The volume is never quite double because side reactions occur, 
such as the formation of small amoimts of acetylene. 

The methods of Lepsius and of Kiing, about to be described, are 
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less difficult than the sparking method of Hofmann and employ 
simpler apparatus. 

Expt, 446 (b).—Decomposition by the Carbon Arc. B. Lepsius, 1890 

One volume of methane is arced between carbon poles: decom¬ 
position ensues, and two volumes of hydrogen are produced. 

Into the apparatus of Lepsius introduce a quantity of dry 
methane commensurable with the size of the apparatus—Lepsius 
introduces as much as 100 c.c. Adjust the levels, mark the volume, 
and strike the arc. A black cloud of soot streams from the glowing 
arc, which is gradually obscured; meanwhile the volume of gas 
increases and mercury should be run out to adjust the levels. After 
a minute allow the tube to cool and note the volume of gas. Strike 
the arc for another minute, once more cool, adjust the levels, and 
note the volume. In a few minutes further arcing causes no change 
in volume, which is now double that of the methane taken. Remove 
a portion of the gas (as in Expt. 406) and show that it is hydrogen. 

The volume is never quite doubled, because a little acetylene is 
formed. For this reason the arc should be ignited for short periods, 
since the decomposition of the methane is soon complete. 

Expt. 447 (c).—Decomposition by Glowing Iron. A. Kung, 1916 

An iron spiral is heated in an enclosed volume of methane, and 
the volume of hydrogen obtained compared with the methane taken. 

CH^ + Fe =iron carbides + 2H2 

Prepare the methane as on p. 117 and dry it by passing it slowly 
through a wash-bottle of sulphuric acid. Introduce 10-15 c.c. of 
the gas into Kiing’s apparatus (Expt. 434). Pass the current until 
after cooling and levelling the ^^olume is no longer changed. In a 
few minutes the volume is doubled and no further change occurs. 
Draw off a specimen of the gas and ignite it. Show that no carbon 
dioxide is formed. 

The Synthesis of Acetylene 

The volumetric synthesis of acetylene was accomplished by 
Berthelot in 1863, and the lecture experiment has developed directly 
from his work. The method described below uses the arcing 
apparatus of Lepsius (1890), fig. iii. 

Expt. 448.—The Volume of Hydrogen in Acetylene 

The carbon arc is ignited for a short time in an enclosed volume 
of hydrogen and the formation of acetylene established. The arc 
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is then struck for a longer period, and the constancy of volume 
noted. The following procedure is recommended by Lepsius 
himself:— 

Fill the apparatus of fig. in with mercury and introduce 50-60 
c.c. of thoroughly dried hydrogen. Ignite the arc for a half-minute 
only. Attach to the tap an absorption apparatus, such as a Drechsel 
wash-bottle charged with an ammoniacal solution of cuprous 
chloride, raise the mercury level, open the tap, and slowly force the 
gas through the solution. The reddening of the liquid shows that 
the issuing gas contains acetylene. Next recharge the apparatus 
with dry hydrogen and arc the hydrogen for a longer period, say 
one minute. The carbons burn with a white light and much heat 
is developed ; therefore pass the current intermittently to allow 
both gas and apparatus to cool. As Bottger has pointed out, 
owing to the greater conductivity of hydrogen the poles can be 
wide apart without extinguishing the arc. Allow the apparatus 
to cool and adjust the levels; the volume is seen to be unchanged. 
As argued on p. 355 there is no need to complete the action. Lepsius 
states that with a current of three amperes 10 per cent, of the 
hydrogen is converted into acetylene in one minute. 

The Composition of Ozone 

The analysis of the molecule of ozone should be carried out if 
possible, for the light it throws upon allotropy. Several pieces of 
apparatus have been devised for finding the volume of oxygen 
in ozone; the one about to be described was introduced by W. A. 
Shenstone. 

Expt. 449 .— The Volume of Oxygen in Ozone. W. A. Shenstone 
and J. T. Cundall, 1887 

The definite volume of oxygen is confined between the tap T 
and the level of the sulphuric acid in the vessel G (fig. 132). The 
detachable graduated manometer tube B fits into D by a ground- 
glass joint. In addition a little mercury is poured into the cup D 
to make a liquid seal. The definite volume of oxygen is ozonised 
and the resulting contraction measured by the rise of the sulphuric 
acid in the manometer tube. Turperitine is then introduced through 
the tap T, the ozone dissolves, and causes a second contraction 
equal in volume to the ozone dissolved. 

Dry the apparatus, place a thick layer of felt on the floor of the 
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jar V, and then stand the apparatus in the jar as shown in the figure. 
Fill the jar with brine and the tube A with 2-4iV-H2S04. Connect 
T to an apparatus supplying dry oxygen and pass this gas until a 
glowing splint held in the gas issuing from G (the beaker not yet 
being in position) bursts briskly into flame. Place the tall beaker in 
position so that the manometer ^ 

tube dips about half an inch 
below the surface of the acid. 

Close the tap T, adjust the 
levels, opening the tap for an 
instant if necessary, and take 
the reading on the manometer. 

Immerse one terminal of a 
sparking coil (see p. 85) in the 
brine and the other in the 
dilute sulphuric acid. Pass 
the current for 10-15 minutes, 
when, on waiting a short time 
for cooling, the liquid should 
rise an appreciable distance, 

J-i inch, in the manometer 
tube. Adjust the levels by 
raising the beaker and take 
the reading—on an ungradu¬ 
ated tube mark the liquid level 
with gum-paper. Join a small ^32. 

length of glass tubing, I-I J in., Composition of Ozone. 

to the tap T by means of pressure rubber, fill the glass tube with 
turpentine, add a 2-inch length of ordinary rubber tubing to the glass, 
and close the free end of the rubber with a clip. The arrangement is 
an improvised syringe. Open the tap and by compressing the rubber 
of the syringe force a drop of turpentine into the ozonised oxygen. 
Reaction takes place accompanied by a flash and the appearance 
of fumes. Add the remainder of the turpentine by drops. Since 
the rubber recovers its shape after being compressed, and so draws 
gas out of the apparatus, the volume of the turpentine introduces no 
error. Wait a few minutes for the gases to cool and then adjust the 
liquid levels and take the reading of the manometer. 

Some of my own results, obtained under the usual conditions of 
class teaching, with little time for careful adjustment of temperature. 
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give an idea of the accuracy attainable. The readings are those of 
the empirical scale of the manometer. 

Oxygen used 31*0 36*5 39*0 38*0 

Ozone formed 20*5 24*0 25*0 25*5 

For the construction and use of a simple apparatus for finding 
the composition of ozone see G. H. Locket, S.S.R., 1933, 14 , 354. 

Note.—In this chapter many quantitative experiments have 
been described, far more, indeed, than any teacher even with a 
generous allowance of time for his subject can hope to do. Often 
several reactions have been utilised for finding the composition of 
one gas, and occasionally several ways have been described of carry¬ 
ing out one alone of these reactions. It is manifest that a teacher is 
not expected to do them all. But, inasmuch as the aims and in¬ 
clinations of teachers vary, likewise the equipment of schools and 
the conditions of work, a plurality of experiments has been given, 
from which each may select those which best meet his requirements. 

For instance, those desirous of deducing the atomic theory from 
experimental results, thus instilling into their pupils a * sense of 
law,* will need to do a large number of gas-volumetric analyses. 
To those who have little time to do more than illustrate Gay-Lussac*s 
law the following small selection is recommended: Expts. 409, 
415, 420; and either 439, 440, or 441. 

From another point of view, some teachers will prefer experi¬ 
mental methods in which gases are sparked or arced, methods 
comparatively easy to those fond of electricity and familiar with the 
use of the lighting circuit. On the other hand, teachers favouring 
the historical approach would undoubtedly use the bent tube for 
analysing nitric oxide and thus repeat the experiment as first done 
by Gay-Lussac. Again, some teachers dislike the manipulative 
technique of both these types of experiment, and for such teachers 
simple methods have been included. Finally, where the class is 
to repeat the experiment it is advisable to use that method in the 
lecture-room which the class is to use in the laboratory. The class 
results then illustrate the law of constant proportions. 

Of determinations not given, the analyses of hydrogen bromide 
and hydrogen iodide may be carried out by any of the methods 
used for hydrogen chloride. Phosphine may be analysed by Kiing's 
method. 
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The following gas-volumetric methods not described in this book 
are worthy of attention:— 

G. S. Newth, J.C.S., 1896, 69 ,1298 
An apparatus for finding the composition of ozone. 

G. George, C.N., 1898, 77 , 203 

A simple home-made apparatus in which ammonia may be decom¬ 
posed by sparking and the liberated hydrogen heated with copper 
oxide. The composition of water, sulphur dioxide, and nitric 
oxide may be found with this apparatus. 

W. French and J. M. Brothers, C. N., 1899, 79 , 232 
These chemists find the composition of carbon monoxide by 
passing a definite volume of carbon dioxide backward and forward 
through a combustion tube containing heated carbon. 

A. V. C. Fenby, J.C.S., 1910, 97 , 374 
Fenby describes a somewhat elaborate apparatus in which the 
volumetric composition of water, ammonia, carbon monoxide, and 
hydrocarbons may be accurately found. 
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PHYSICAL PRINCIPLES AND COMMON PHENOMENA 

The physical principles underlying chemical action link the 
apparently unrelated phenomena and integrate the science. 

The reahsation of the universal behind the particular has an 
electrifying effect upon a pupil old and alert enough to be stirred. 
His mind is stimulated, his memory is aided, and his outlook on 
chemistry undergoes a profound change. The science, no longer a 
haphazard assembly of facts, appears as a magnificent and ordered 
structure. No aspect of chemistry is so fascinating and at the same 
time so educative. Consequently the importance of expounding 
and illustrating the fundamental principles cannot be over¬ 
estimated. The pertinent question is, How and when are these 
principles to be introduced? As with other such problems, the 
course adopted must be dictated by the teaching conditions. 
With young pupils the experimental approach is the obvious path 
indicated and the mathematical treatment must be waived. If the 
scheme advocated in this book is followed, such conceptions as 
reversibility and equilibrium will be encountered right at the 
beginning. These phenomena may be noted and the terms given. 
Later on, when the pupils are more able to appreciate the argu¬ 
ments, the conceptions may be formally studied in a few favourable 
reactions at suitable points in the course. Older pupils, taking a 
short course of chemistry, will likewise profit from the experi¬ 
mental approach, because of the grip it affords of the physical 
reality of the various conceptions. 

Mass Action 

A mathematical treatment of this great generalisation cannot be 
expected in an elementary course. Nevertheless, the principle can 
be qualitatively illustrated, and made sufficiently explicit for young 

410 
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pupils to grasp its significance and its application to reversible 
reactions. 

Inasmuch as mass action, reversibility, balanced actions, the 
position of equilibrium, are all terms expressive of the behaviour 
of a reversible action in a homogeneous system, the order in which 
the conceptions are established is a matter of choice. 

So much depends on the intellectual level of the pupils, and the 
conditions of the teaching. In my own work I must confess to 
having several times changed my method of developing these 
physical principles in the elementary course. 

The matter is not difficult to teach, and is of absorbing interest, 
but the problem is to decide how best to apportion the available 
time, and to find reactions not too remote from the elementary 
work, yet giving a favourable manifestation of the relevant 
phenomena. 

In the presentation outlined below the conception of mass action 
is first established and then examples of reversibility are reviewed 
in the light of this knowledge. The experiments on the diffusion of 
bromine in liquids and of coloured salts into a gel should be reviewed, 
or varied and repeated. From these experiments the pupils gain 
clear ideas of the ceaseless motion of molecules, of reversibility, 
and of the conception of a dynamical equilibrium. It should be 
pointed out that in all the above-mentioned experiments the 
reagents were mobile but could not escape from the field of activity. 
The conception of a chemical system could easily be explained and 
introduced at this stage. Accordingly, in any reaction where all 
the reactants are in the same phase—that is, a reaction in a homo¬ 
geneous system—reversibility must rule and a dynamical equilibrium 
prevail. 

Homely illustrations from daily life should be given. A good one 
of American origin assumes cowboys and mounts in an enclosure. 
The cowboys catch and mount the horses and are thrown on an 
average once in three seconds. Assuming all of equal strength and 
activity, there will be at any point of time the same number of 
mounted riders. Now introduce a great number of extra horses, 
or men, or contract or enlarge the field, and examine the effect of 
the changed conditions. 

Little children may be at play, the girls with red electric lamps 
lacking batteries and the boys carrying batteries. Let the game 
be for the boys to catch the girls, light the lamp, recite a rhyme and 
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break away, the total illumination at any moment will be constant. 
Now greatly increase the number of girls or boys, enlarge or contract 
the field, and examine the effect of these changes on the position of 
equilibrium and on the progress of the play. 

By this time the students should be attuned to appreciate the 
classic experiment of Gladstone on the rate of formation of ferric 
thiocyanate. The reaction takes place in a homogeneous medium 
and is made roughly quantitative by noting the depth of colour 
produced. To some students the beautiful time reactions dis¬ 
covered by Vernon Harcourt in 1866, and arranged as lecture 
experiments by H. Landolt in 1887, more cogently convey the connec¬ 
tion between reaction velocity and concentration. For this section of 
the work more instructive and fitting experiments than those of 
Gladstone and the various modifications of Landolt's have so far not 
been discovered. Of the many time reactions published the one 
given below is spectacular and easy of preparation and performance. 

Expt. 450 (a). —Reaction Velocity and Concentration. A. A. Noyes 
and A. A. Blanchard, 1900 

Standard solutions of potassium iodide of var5dng strengths are 
added to standard solutions of potassium bromate in dilute acid. 

HBrOj +6HI-3H2O +3I2 +HBr 

Starch is added, more effectively to show the quantity of iodine 
liberated. The times taken for the free iodine to match a standard 
tint are noted, and found to be proportional to the concentrations 
of the reactants. 

Dilute 15 c.c. of i*oiV-HCl to 2000 c.c. with distilled water and 
add to the solution 50 c.c. of starch solution (p. 268). Prepare 
solutions of o*5N-KBr03 (1*39 gm. in 100 c.c.) and of o*5iV-KI 
(8*3 gm. in 100 c.c.). To obtain the standard blue tint add to i c.c. 
of a stock solution of iodine (i gm. of iodine plus 2 gm. of potassium 
iodide in 400 c.c. of water) 10 c.c. of starch solution and 400 c.c. of 
water. Place the mixture in a tall cylinder or beaker. Have a 
stop-clock on the lecture bench, or a student in charge of a stop¬ 
watch; otherwise let the class count seconds. 

Into each of four cylinders. A, B, C, D, place 400 c.c. of the diluted 
add, and stand each cylinder on white paper. If cylinders are 
not available use beakers or jars, placing a stirring rod in each. 
Stoppered cylinders have the great advantage that their contents 
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may be easily mixed by shaking. Into a first set of four small 
beakers, d^, place 5, 10, 5, and 10 c.c. of the solution of 

potassium bromate, and into a second set, place 5, 5, 

ro, and 10 c.c. of potassium iodide. Place the beakers in front of 
the cylinders of corresponding letter. To each of the cylinders add 
the charge of potassium bromate in the corresponding small beaker. 
All is now ready for the charges of potassium iodide to be added. 
With the help of students simultaneously add the charges of 
potassium iodide ; thoroughly mix the contents of each cylinder 
by shaking, and at once start the clock or the counting. The 
contents of A reach the standard tint in about 120 seconds, B and 
C require about 60 seconds, while D requires only 30 seconds, 

Expt. 450 (b).—A Study of the Rate of Formation of Ferric 
Thiocyanate 

The reaction was first studied by J. H. Gladstone in 1855, but 
was arranged as a lecture experiment by W. Lash Miller and 
Kenrick in 1900. 

The concentrations of the reactants of the system— 

FeCla +3NH4.CNS^Fe(CNS)3 +3NH4.CI 

—are one by one changed, and the effect of these changes on the 
quantity of ferric thiocyanate formed is noted. 

A very dilute solution of ferric thiocyanate containing no excess 
of either radical must be prepared. Most authorities recommend 
the mixing of weak solutions of ferric chloride and ammonium 
thiocyanate, but the stock ferric chloride of most schools is a 
deliquescent product of indefinite hydration. In my judgment 
the well-defined, stable salt iron alum, Fe2(S04)3'K2SO4 *241120, is 
much to be preferred. A strong and a weak solution of this salt 
and a solution of ammonium thiocyanate are required. A con¬ 
centration of iron alum o*o5M (that is, o*iM iron) is suitable for 
the stronger solution. Prepare a stock quantity (it will last for 
years) of this strength. Dissolve 12*6 gm. of iron alum in water ; 
add several c.c. of concentrated hydrochloric acid to prevent 
hydrolysis, and make the liquid up to 250 c.c. Prepare a solution 
of ammonium thiocyanate equivalent to the iron solution—that is, 
a solution o*3M-NH4 CNS. Weigh out 572 gm. of the salt, if dry 
crystals are available, and make this quantity into 250 c.c. of 
solution. If the stock of salt is moist, use just over 572 gm. 
Find the normality of the solution by titration with silver nitrate 
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in the usual way, and add the requisite water to make the solution 
o*3M. 

Take lo c.c. of the iron solution and lo c.c. of the thiocyanate 
solution and dilute each to 500 c.c. On mixing the dilute solutions, 
a distinctly red liquid is obtained. A greater dilution may be used 
if desired, but the liquid then is decidedly orange. 

Divide the solution of ferric thiocyanate between 4 cylinders or 
gas jars. (If the pupils are not familiar with the formation of 
ferric thiocyanate, illustrate the action and give the equation.) 

If the class have grasped the principles of chemical dynamics 
so far given, and are acquainted with the analogies from life already 
suggested, they will be aware that the reactant molecules are 
constantly in motion, that the formation and decomposition of 
ferric thiocyanate is continuously going on; accordingly, the red 
colour represents the concentration of the ferric thiocyanate at the 
position of equilibrium. 

To one cylinder add 10 c.c. of the strong solution of iron ; a 
deepening of the red colour follows, indicating the formation of 
more ferric thiocyanate. Someone suggests that the solution may 
have been deficient in iron. To the second cylinder add 10 c.c. of 
the strong solution of ammonium thiocyanate ; the result is an 
equal deepening of the red colour. The addition of each of these 
reagents has increased the rate of formation of the ferric thiocyanate 
and shifted the position of equilibrium. Have ready a warm 
saturated solution of ammonium chloride. Pour a considerable 
quantity into the third jar. The red colour almost disappears. 
Pour water into the fourth jar, equal in volume to the ammonium 
chloride added to the third jar, to show that the colour change in 
that jar was not due to mere dilution. 

Now, making use of the equation, point out how the direction of 
the equilibrium may be altered by changing the concentration of a 
reactant. 

Expt. 451 .— The Diffusion of Bromine studied quantitatively. F. 

Equal volumes of aqueous solutions of bromine of different 
but simply related concentrations are placed in contact with carbon 
tetrachloride, and diffusion allowed to proceed for a few minutes. 
The carbon tetrachloride layer is then drawn off and the concen¬ 
tration of the bromine determined by the depth of colour. The 
concentration of bromine in these solutions is found to be pro- 
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portional to that originally in the aqueous solutions. In other 
words, the rate of movement of bromine is proportional to its 
concentration. 

Use cut-down tap burettes or use cylindrical separating funnels 
(fig. 133) for this experiment. To each of 3 or 4 such burettes add 
15 c.c. (or more according to the apparatus) of carbon 
tetrachloride. Have ready, in stoppered bottles, saturated 
bromine water (A) ; A + an equal volume of water (B) ; 
and A + 3 volumes of water (C). Slope the burette or 
cylinder and gently pour 15 c.c. of the bromine solutions 
upon each of the solutions of carbon tetrachloride. A 
long thistle funnel may be used if desired. Either get 
assistance and add the solutions simultaneously, or note 
the time of adding each solution. It is quite easy for 
one worker to add 3 solutions in less than two minutes. 

The bromine rapidly diffuses into the lower liquid at a 
rate manifestly proportional to the concentration of 
bromine. Have the burettes in front of a white screen 
so that the colour movements may be better seen. At 
the end of 5-7 minutes, by which time the bromine from 
the strongest solution has penetrated the entire column 
of carbon tetrachloride, simultaneously run off the carbon 
tetrachloride layers (call them a, b, c) into 3 dry tubes. 

The depths of tint are obviously a>b>c. 

Take i volume of solution dilute it with i volume 
of carbon tetrachloride. The tint matches exactly that 
of b. Therefore, the concentration of bromine in a is twice that 
in b. Similarly dilute i volume of a with 3 volumes of carbon 
tetrachloride—the tint matches that of c. Consequently the rates 
of diffusion of the bromine are 4:2:1, which is Hkewise the ratio 
of the original concentrations. 

The quantitative aspect of mass action revealed in this experi¬ 
ment can be supported by a host of familiar examples, such as the 
action of hydrochloric acid of varying concentrations on a metal; 
the rate of solution of a cube of rock salt and of the same weight of 
salt in fine powder, and so on. 

Note on Reversibility, —The results of Expts. 450 and 451 throw 
considerable light on the phenomena of reversibility. Many 
reversible actions have been encountered and a favourable one 
should now be selected for formal study. The action of iron on 
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steam, the thermal decomposition of hydrogen sulphide, and the 
system 02+4HCl=?=^2H20 +CI2 (Deacon's process) are all amenable 
to lecture demonstration. 

Of the iron-steam equilibrium (H. Sainte-Claire DevilJe, 1871) it 
is only necessary to illustrate the backward direction of the reaction. 
This is quite easily done by passing hydrogen over heated magnetic 
iron oxide, following closely on the lines of Expt. 61. 

But inasmuch as the reactants are easy of recognition and the 
experimental technique of the simplest, the formation and decom¬ 
position of hydrogen sulphide is hard to better. The forward 
action—the synthesis of hydrogen sulphide—has already been 
described (Expt. 237). The backward action will now be described. 

Expt. 452 .—Thermal Decomposition of Hydrogen Sulphide. F. 

(On the open lecture bench.) 

A stream of hydrogen sulphide is passed through a red-hot tube. 
Sulphur is deposited at the cooler end of the tube : hydrogen passes 
on and is collected over a solution of copper sulphate. 

Use the apparatus and method of Expt. 239, fig, 63, for the 
preparation of the hydrogen sulphide; alternatively use a Kipp. 
A drying tube charged with calcium chloride may be joined to 
the wash-bottle C if desired. Select the combustion tube of the 
diameter of ordinary glass tubing, 7-8 mm., so that connections may 
be easily and quickly made with rubber; moreover, the flexible 
joint at H (fig. 134) is an advantage when rapid movements of the 
delivery tube are necessary to avoid escape of gas. Stuff loosely 
with asbestos wool a 2-inch section G of the combustion tube. Join 
the tube GH to a trough containing a solution of copper sulphate. 
Use a small gas jar or a boiling tube for the collection of the hydrogen. 

When the apparatus is ready run 3-4 c.c. of acid into the prepara¬ 
tion flask, and, throughout the experiment, keep up a brisk stream 
of hydrogen sulphide by the occasional use of a small flame and the 
addition of a few drops of acid. Get a pupil to take charge of this 
part of the experiment; meanwhile warm the section G of the 
combustion tube. Black copper sulphide soon appears in the trough, 
showing that the air has been expelled from the apparatus. At this 
stage make the tube at G as hot as the glass will stand and keep up 
a brisk stream of gas. The thermal decomposition is slow, but a brisk 
stream of gas is necessary to sweep away the decomposition products 
which would otherwise combine. Sulphur soon appears in the 



HYDROLYSIS 417 

cooler parts of tlie tube and in 5-10 minutes sufficient hydrogen is 
available for detection. Let the stream of hydrogen sulphide 
slacken ; lift the delivery tube out of the trough and quickly insert 
it in a chlorine-charged gas-trap, previously prepared and ready to 
hand. 

Gently agitate the jar containing the collected gas while it is 
still in the trough, so that any hydrogen sulphide present may be 



Fig. 134.—Thermal Decomposition of Hydrogen Sulphide. 


absorbed. The residual gas is obviously not hydrogen sulphide. 
Test the gas with a lighted taper. 

The pupils will readily comprehend that in Gladstone's experi¬ 
ment the whole of the reactants remained in the field of play. 
But, in the reversible gaseous action studied, one of the initial 
reagents is continuously in excess and the gaseous products of 
the reaction are mechanically swept away. 

The time is now ripe for pointing out that the dissociation of 
ammonium salts is an example of reversibility. Another common 
example, that of hydrolysis, could conveniently follow. 

Hydrolysis 

A salt undergoing hydrolysis to a remarkable degree, a so-called 
weak salt, may be decomposed* by water and the acid and base 
produced, identified. The sulphides of sodium, aluminium, and 
magnesium are suitable, and of these I prefer the last. 

Expt. 453 .—The Hydrolysis of Magnesium Sulphide. F. 

Magnesium sulphide is synthesised and then treated with hot 
water. The acid, hydrogen sulphide, is evolved, and the liquid is 
found to be alkaline. 

Clamp a dry test-tube containing a mixture of about 0*5 gm. of 
magnesium powder and an equal bulk of sulphur vertically over a 
Bunsen burner. Heat the mass. Some of the sulphur volatilises, 

27 
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screening the mixture from air. Soon the elements combine with 
a vivid flash. Break the tube and pick out the hard mass of 
magnesium sulphide. Crush the sulphide and place it in a flask 
containing a few c.c. of water. Heat the flask gently. Hydrogen 
sulphide is evolved, and recognised by its action on lead acetate 
paper held in the mouth of the flask. Dip a long strip of red litmus- 
paper into the muddy liquid in the flask. The sulphide turns the 
litmus a greenish colour, but alkali diffuses into the paper and 
an upper band of blue is easily seen. 

Argument.—The composition of the issuing gas is known from 
previous experiments. The hydrogen constituent of this gas can 
have come only from the water. Likewise the sulphur only from 
the magnesium sulphide. Both the water and the sulphide have 
therefore suffered decomposition. Now it is obvious that since 
water cannot be split into one part the oxygen of the water must 
have combined with the magnesium. Therefore, before the 
heating, acidic hydrogen sulphide and alkaline magnesium oxide 
(or hydroxide) must each have been in solution in equilibrium. 
The heating disturbed the equilibrium by expelling the volatile 
hydrogen sulphide. Introduce now the term hydrolysis. Point 
out that magnesium sulphide could have been made by bringing 
magnesium hydroxide and hydrogen sulphide into contact. Accord¬ 
ingly, hydrolysis is the reverse of neutralisation. 

Expt. 454 .—Hydrolysis of Salts, F. 

As a result of hydrolysis the solutions of salts of many heavy 
metals are acidic. The insoluble hydroxide, in equilibrium with 
the acid, is in colloidal suspension. On warming such solutions 
hydrolysis is increased and the * ageing' of the colloidal hydroxide 
in suspension is promoted. Consequently the hydroxide (or basic 
salt) appears as a visible precipitate. 

In front of the class prepare cold dilute solutions of a few salts 
such as copper sulphate, iron alum, aluminium sulphate, ferrous 
sulphate, and mercuric nitrate. Dip a strip of blue litmus-paper 
into each solution ; the paper reddens—due to the presence of acid. 
Inform the class that the hydroxide is in colloidal suspension and 
elicit how it may be aged. Heat the solutions, if necessary, to the 
boiling-point. With some, such as ferrous sulphate and iron alum, 
the precipitate appears on warming gently; a solution of copper 
sulphate requires boiling for a few minutes. 
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Note. —The precipitates are usually basic salts, the reactive 
colloidal hydroxide adsorbing and then combining with the normal 
salt. 

Expt. 455 .—Hydrolysis increased by Rise of Temperature 

The enhanced hydrolysis of hot salt solutions may be revealed 
by tinting the solution with an appropriate indicator. 

(a) The acidity of a cold solution of copper sulphate is sufficient 
to turn litmus red but not to change the yellow colour of methyl 
orange. On warming the solution tinted with methyl orange, 
hydrolysis of copper sulphate is increased and the indicator changes 
to its red colour. 

Have ready in powder i gm. of the salt CuSO^ • sHgO. Place 
40 c.c. of distilled water in a flask. Show the state of the water by 
dipping a strip of blue litmus-paper into it. Dissolve the copper 
sulphate in the cold water and dip the strip of blue litmus-paper 
into the solution. The paper is reddened. Add a few drops of 
methyl orange to the solution. The red acidic colour of the indicator 
is not seen. Now warm the solution—the red colour appears. 

(^>) Carry out a similar experiment using zinc sulphate and methyl 
red. 

(c) Make a strong solution of sodium sulphite, a o*5M solution 
is suitable—viz. 12*6 gm. of the salt NagSOg’yHgO per 100 c.c. Dip 
red litmus-paper into the solution—the litmus turns blue. Add a 
few drops of phenol phthalein. (The liquid should turn rose-pink, 
but will probably stay colourless owing to the faint acidity of 
the distilled water. However, it does not affect the success of the 
experiment.) Warm the solution. The pink colour appears, or, if 
already present, deepens in tint. 

The incidence of enhanced hydrolysis at high temperature, and 
its bearing on the preparation of such salts as anhydrous chlorides, 
should here be pointed out. Some hydrated salts lose water of 
hydration only well above 100° C., where the increase of hydrolysis 
is considerable. 

Expt. 456 .—The Extent of Hydrolysis. F. 

Some idea of the degree of acidity produced by the hydrolysis 
of salts may be obtained with the help of indicators giving 
colour changes at different values of pZf. A chart showing the 
colours of several familiar indicators over the whole range of pH 
forms the frontispiece of the author's Volumetric Analysis (Bell). 
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The chart may be copied on the blackboard in coloured chalks or 
projected with the epidiascope. 

Add methyl orange to a cold solution of o-iM-CuS04 J 
indicator does not turn red, therefore the acidity of the solution 
is less than PH4. 

To another portion of o*iM-CuS04 add a few drops of methyl 
red ; the solution is tinted red, accordingly, the acidity is greater 

than pH 5*5 and is about pH5—that is, an acidic solution- - - N. 

Try a cold solution of alum. The solution is red to methyl orange, 

N 

therefore the acidity is about -•. Try also a cold solution of 

10,000 


ferrous sulphate. 


Hydrolysis is increased by dilution. 

Expt. 457 (a).—The Hydrolysis of Soap Solution 

An aqueous solution of soap is tinted with phenol phthalein and 
the pink colour discharged by acetic acid. On diluting the solution 
the pink colour returns— i.e. the liquid becomes alkaline. 

That phenol phthalein displays a pink colour in alkaline solution 
and is colourless in acidic solution must be shown if it is not known. 
An aqueous solution of soap is easily made by dissolving soft soap 
in warm water. Take, say, 5 gm. of the commercial article sold as 
‘ green * soft soap and warm it in 100 c.c. of water. It dissolves 
rapidly ; ordinary yellow solid soap is far less soluble and dissolves 
very slowly. 

Tint the solution strongly with phenol phthalein (or with thymol 
blue). Add dilute acetic acid, a considerable volume may be 
required, until the pink colour is discharged. Now place a portion 
of the acidic solution in a flask and add distilled water. A pink 
colour appears before the liquid has been diluted 10 times—this in 
spite of laboratory distilled water being acidic. 

Expt. 458 (b).—The Hydrolysis of Bismuth Chloride 

A solution of bismuth chloride is diluted with water, whereby 
a system is produced consisting of a solid phase of basic salt and a 
liquid phase of the normal salt and dilute hydrochloric acid. The 
liquid phase is removed and diluted; more basic salt appears, 
indicating the increased hydrolysis. 

Make about 2 gm. of bismuth oxychloride, or other bismuth salt, 
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into a cream with 40 c.c. of water. Transfer the suspension to a 
flask and add from a burette concentrated hydrochloric acid, until 
the liquid is just clear. Pour the clear solution into a cylinder and 
add an equal volume of (distilled) water. A copious precipitate of 
basic bismuth chloride appears and rapidly settles. 

BiClg + HgOz^BiOCl + 2HCI 

Discuss the equilibrium of the system with the class and point 
out that the amount of basic salt formed is a measure of the acid 
produced by hydrolysis. 

Decant and reserve the clear liquid. Treat portions of the solid 
with concentrated and moderately dilute acid ; solution is easily 
obtained. Now try a more dilute acid, say o-iA'-HCl; no solution 
results. When the system is in equilibrium the solid is evidently 
in contact with a stronger solution of acid. 

Dilute the reserved liquid with its own volume of water. Once 
more a precipitate falls in abundance, accordingly, a corresponding 
quantity of acid has been produced by hydrolysis. Filter and again 
dilute the clear liquid, adding several volumes of water and waiting 
a few minutes, if necessary, for the precipitate to appear. 


Thermal Dissociation 

To outward appearance the h^^ating of ammonium chloride is 
just straightforward sublimation. Actually, not until St. Claire 
Deville and others had found the vapour density of this salt to be a 
fraction of its expected value did chemists first suspect and later 
find that ammonia and hydrogen chloride were constituents of 
the vapour. The experimental historical approach is therefore 
not suitable for a junior class. But having done the experiment, 
deduced the reversibility, and introduced the conception of dis¬ 
sociation, the result could be used to illustrate the necessity of 
occasionally doubting the obvious and of devising means of putting 
the doubt to test. 

With an advanced class, aware that in homogeneous systems re¬ 
versibility is the rule, the presence of ammonia and hydrogen chloride 
in the gaseous phase could be first predicted and then verified. 

The method of Blochman is so simple and so effective that it 
were waste labour to describe the more elaborate—and less reliable 
—methods which have been published. 
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Expt. 459 .—The Dissociation of Ammonium Chloride (L. von 

Pebal, 1862). R. Blochmann, 1891 
Pass a test-tube (5-6 x in.) through a sheet of asbestos (or 
ordinary cardboard), as shown in fig. 135. The tube should protrude 
about an inch above the cardboard. Support the cardboard on 

the ring of a retort-stand so that the 
tube may be heated. Place a small 
quantity, say 0*05 gm., of ammonium 
chloride in the tube, and i inch above 
the salt insert a small plug, say half an 
inch in length, of asbestos wool. Hang 
a strip of moistened red litmus-paper 
in the mouth of the tube. With a 
Bunsen flame make the plug red-hot. 
The Bunsen burner may be clamped 
in a horizontal position if desired. 
Now heat the ammonium chloride with 
a second Bunsen. Almost immediately 
the litmus-paper goes blue. Add fresh 
pieces of litmus-paper. After about 
one minute the issuing gas is no longer 
alkaline. Insert a piece of moistened 
Fig. 135. Dissociation of litmus-paper. The blue is changed 

Ammonium Salts. , j 

to red. 

Repeat the experiment using ammonium bromide. 

Repeat again, if desired, using ammonium oxalate or benzoate. 
The dissociation of these salts is more evident, for much of the 
liberated acid condenses inside the tube, and this deposit can be 
removed and its acidic behaviour demonstrated. 

It is advisable to decompose more than one ammonium salt to 
show that thermal dissociation is of general occurrence. 

Now recall the examples of dissociation which have been 
encountered and point out how widespread is the phenomenon. 
One or both directions of the reversible decomposition of the 
following substances has been described already:— 

Ca(N03)2, CaCOg, PbgO*, H^S, HBr, NH3 

ELECTROLYSIS 

The existence and the action of electricity are as well known to 
the student of to-day as the existence and the action of heat. Elec- 
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tricity is a form of energy more powerful and more easily measured 
and controlled than that of heat. Accordingly, its introduction 
into chemistry cannot be made too early. 

Dissociation in Solution: Electrolysis 

The passage of electricity through solutions never fails to fascinate. 
To be made aware that electricity is of greater potency than heat, 
to see it operating in the cold and effecting marvels such as the 
production of chlorine from salt and oxygen from water, to realise 
that many of the results can be reproduced at home, is to be 
irresistibly attracted. 

Apart from the wonders it works, and its manifold industrial 
applications, electrolysis affords an insight into the state of dissolved 
substances leading to an understanding of the principles of solution 
analysis. Moreover, the realisation that acids, bases, and salts are 
built each of two parts, of opposite electric signs, is most helpful 
for the study of polar valency. 

Yet, in our present state of knowledge, an explanation of the 
electrolysis of solutions is difficult to give to young beginners. 
Neither pure water nor pure hydrogen chloride will conduct the 
current, accordingly it is unconvincing (but customary) to call the 
electrolysis of dilute hydrochloric acid the electrolysis of water. 
Therefore, wherever it is feasible, it might be preferable to begin 
with the electrolysis of fused salts, such as the chlorides of tin, lead, 
and sodium. These electrolyses are quite straightforward and the 
deductions free from equivocation. 

F. B. Stead submits molten lead chloride to electrolysis, thus 
decomposing the substance into a positive and negative constituent. 
On the result of this decomposition he bases his definition of a salt, 
thus solving the extraordinarily difficult problem of making a 
beginning with one of a cycle of dependent definitions. Unfortun¬ 
ately, although so interesting and instructive, the electrolyses of 
fused salts do not make good lecture experiments. The products 
may be shown to the class, but the actual process, often occupying 
a considerable time and requiring frequent attention, can be seen 
only by a few close up. Nevertheless, as demonstrations to a small 
group in the laboratory, and as individual experiments for advanced 
pupils, they are highly suitable. 

The teacher must modify the treatment here presented according 
to the knowledge of electricity the class already possesses. 
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Lamp Holders 


Series Switch 


Even if he has studied no electricity in school, the modern student 
has a considerable working knowledge of electric bells, lamps, cells, 
and electric toys. Little knowledge of electricity is assumed in 
the following presentation. 

For the study of electrolysis a direct current is needed. In some 
schools direct current is supplied to the lecture bench, either directly 
from D.C. mains or indirectly from A.C. mains. Where there is 

a D.C. lighting circuit it 
Wooden Base is quite easy to use the 
mains. Screw a lamp base 
to a block of wood. Use 
a wall plug or bayonet plug 
with flexite lead attached, 
and place the lamp in 
circuit with the electrolytic 
cell. The lamp must be 
selected according to the 
D.C. voltage; thus with 
a 220-volt circuit a loo-ampere lamp is satisfactory. To obtain a 
variable supply of current from D.C. mains some form of lamp 
bank is required. These are easily home-made and variations have 
often been described. The following, by the courtesy of the 
author, E. Nightingale, is taken from his Magnetism and Electricity 
(Bell, 1931) 



Lamp Bank. 


* The type of lamp bank illustrated in fig. 136 has been found 
very suitable. It may be put together in the school workshop 
and is then cheap and efficient. Ordinary flexible wire, which 
will take a current of over 5 amperes with ease, is suitable for 
connecting up. The author uses 240-volt mains, and by inserting 
lamps of various kinds in A, B, C, currents from 0*2 to 3 amperes 
may be obtained. Suitable lamps are : 8,16, and 32 candle-power 
carbon lamps and radiator lamps, the latter taking about r ampere 
each at 240 volts.' 

When a constant D.C. supply is not available, recourse must 
be had to accumulators or to dry cells. These are quite satis¬ 
factory and most experiments on electrolysis may be carried out 
with 2 or 3 accumulators. 

The following articles will be found interesting and helpful:— 

‘ Rectification of Alternating Current,' G. W. Baker, 5.S.R., 1923, 
6, 209. 
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‘Distribution of Direct Current/ Gordon Stables, S.S.R., 1934, 
16 , 267. 

‘Electricity in Schools,* E. Langton and F. Oldham, S.S.R., 
1932, 13 , 357 ; 14 , 48. 

For hints on wiring see: 

The Laboratory Workshop, chap, viii, by Duckworth and Harries 
(Bell, 1933). 

Experiment Researches in Electricity, by M. Faraday. 1839-1855. 

/Everyman Edition (Dent, 1914). 

Grundzuge der Elcktrochemie, by R. Liipke. 1904. (4th cd.) 

The reader seeking more experiments on electrolysis will find 
many in Liipke*s book. 

Expt. 460 .—Solid Conductors and Insulators 

A gap is made in an electric circuit. The gap is bridged with 
various solids, some of which allow the current to pass. 

Set up an electric circuit as shown in fig. 137. Pass two lengths 
of stout copper wire A, B through corks C, D. Clamp the corks 
so that the wires are horizontal, with a gap of, say, \ inch between 
the free ends. E is a battery of 2 or 3 accumulators in series; 
F a switch, and G an ordinary electric bell or a toy lamp (2*5 volts), 
to indicate the passage of a current. 

Inform the class that the battery (or generating station when 
using the main) is the source of electricity and forces the current 
round the circuit. A bell or lamp is included because it is well 
known that it is worked by electricity. Turn on the switch: 
no current passes—the electricity requires a path and air does not 
provide this. Close the gap with a coin of silver or bronze—the 
bell rings or the lamp glows. Bridge the gap similarly with a 
variety of articles : a blackboard crayon, a latch-key, cardboard, 
wood, a metal spatula, a lump of sulphur. All metals allow the 
current to flow and are called conductors. Other substances, such 
as paper, rubber, etc., which do not transmit the current, are non¬ 
conductors or insulators. 

Note.—The class must be told that they are witnessing a mani¬ 
festation of current electricity, which is not the same form of 
energy as that of the electro-magnetic waves which pervade space, 
permeate matter, and are picked up by the aerial of a wireless set. 
Likewise, that to work a bell or a lamp requires an appreciable 
amount of current, and that all so-called insulators conduct to a 
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certain extent, but do not allow sufficient current to pass to ring 
the bell. The ability of a powerful current to spark across an air 
gap is, in these days, common knowledge. The conductance 
through insulators may be compared with the solubility of the so- 
called insoluble substances such as glass and rocks. 

Expt. 461 .—Certain Solutions conduct Electricity 

A piece of platinum foil is suspended by platinum wire from the 
free end of each of the copper rods. The gap in the circuit is now 
between the two pieces of foil and may be bridged by a beaker of 
liquid. 

Note on the Electrodes.—Failing platinum, nickel or silver 
electrodes and wires will serve for most experiments. 

The electrodes should be as large as the platinum foil available 
will allow. An electrode 1x2 inches is a convenient size, but a 
smaller one will serve. To attach the wire, prick a fine hole (with 
a pin) near the top edge of the foil and another about half an inch 
lower down. Thread one end of the platinum wire through the 
holes ; this is easily done by bending the foil. Now make a tight 
connection by welding the wire to the foil. This is a simple 
operation. Lay the foil on a smooth metal surface—the edge of a 
tripod—and get an assistant to play the hottest part of a Bunsen 
flame on the spot to be welded. Give the spot a few gentle taps 
with a hammer. The wire and foil weld and a tight joint is made. 
Make a notch with a file near the end of the copper wires A, B. 
Bend the free end of the platinum wire into a loop and so suspend 
the foil. 

Fill a beaker with water and place it in position as shown in the 
figure. Have the electrodes a distance of J-i inch apart, dependent 
upon the voltage used. No current passes when the switch is on, 
therefore water is not a conductor. Now pour into the water a 
few c.c. of concentrated sulphuric acid. On stirring the liquid the 
bell rings immediately, at the same time bubbles of gas arise from 
each electrode. 

The pupils will say that sulphuric acid conducts the current, but 
remind them of the action of zinc on water and on sulphuric acid 
(Expt. 254), and amend the answer* to ‘ the solution conducts the 
current.' 

The gases cannot come out of the platinum, for it undergoes 
no visible change and can be weighed before and after the 
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experiment; they therefore come from the solution, which must be 
decomposing. 

Remove the beaker of sulphuric acid ; wash the electrodes while 
still in position, by immersing them a few times in a beaker of 
water, and then momentarily bridge the gap with a beaker charged 
first with hydrochloric and then with nitric acid. Each of these 



solutions conducts the current. Try also solutions of caustic soda 
and caustic potash, a strength of i*oiV will suffice ; and a solution 
of common salt. All these solutions conduct the current and at 
the same time suffer decomposition. Introduce the terms elec¬ 
trolysis and electrolyte. Close the gap with beakers containing 
solutions of sugar and glycerol. These solutions do not conduct. 

Is it the water or the dissolved substance which suffers decom¬ 
position ? Following a discussion of the problem it is decided to 
electrolyse a solution of copper sulphate, for decomposition products 
of this salt would be easy of recognition. 

Expt. 462.—The Electrolysis of a Solution of Copper Sulphate 

The method of presentation detailed in this experiment was 
devised by my former colleague G. M. Grace. 

Use the apparatus of fig. 137, immerse the electrodes in a solution 
of copper sulphate. A solution of any strength will serve, say 
0‘2M (5 gm. CUSO4 • 5H2O per 100 c.c.). When the current is passed. 
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bubbles arise from one electrode only. After a few seconds switch 
off the current and remove the electrodes. One electrode is beauti- 
fully coated with copper, the other, from which the gases arose, 
remains bright and silvery. (If the current is too strong the deposit 
on the cathode will be dull and black instead of a reddish-gold and 
lustrous. Remove the deposit by immersing the cathode for a 
second in concentrated nitric acid. Now dilute the copper sulphate, 
place the electrodes farther apart and pass the current for a few 
seconds only.) Replace the electrodes in reversed positions—that 
is, make the copper-coated electrode the anode. We attempt to 
play a trick on nature and we watch the result. vSwitch on the 
current; no gases appear for a few seconds, then, as before, gas arises 
from the anode. Once more remove and exhibit the electrodes. 
The copper-coated anode has become bright and silvery; the 
cathode is coated with copper. 

The first conclusion to be drawn is of great significance. In this 
reaction the solute is certainly being decomposed ; copper is one 
product, and the gas arising from the anode possibly another. The 
examination of the gaseous product is postponed for the time. 
The second conclusion is of even greater significance: the electric 
current has a definite directive action on the products of decom¬ 
position. 

Note. —It is opportune after this experiment to introduce the 
terms electrolyte, ions, anode, cathode, and the positive and 
negative directions of the current. The course of work may now 
proceed in two directions: (a) make a thorough study of the elec¬ 
trolysis of copper sulphate, isolating and identifying the oxygen and 
sulphuric acid (Expts. 464 and 465) ; (b) show the necessity of ions 
for conductivity by carrying out Expt. 463. Those desirous of 
extending the study in this direction could follow up the illuminating 
experiment of Watts by submitting equivalent solutions of such 
substances as acetic acid, caustic soda, ammonia, sodium acetate, 
and ammonium acetate to electrolysis. 

For a lucid exposition, from the standpoint of modern electro¬ 
chemistry, of the fundamental principles underlying the phenomena 
of electrolysis see S. Glasstone, S. 5 .R., 1935, 16 , 328. 

Expt. 463 . —Ions necessary for Conductivity, O. O. Watts, 1924 

Solutions of (a) barium hydroxide and (6) sulphuric acid conduct 
the current. When to a solution of {a) an equivalent quantity of 
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(b) is added no current will pass through the liquid, since, owing to 
the formation of insoluble barium sulphate, the solution is almost 
entirely deprived of ions. 

A lamp is connected in series with a cell containing a solution of 
barium hydroxide ; a dilute solution of sulphuric acid is gradually 
added. The luminosity of the lamp first becomes dim and then 
completely disappears, but ndurns when excess of acid is present. 

Use the apparatus of fig. 137, but replace the bell by an electric 
lamp. When the current is taken from 2 or 3 accumulators use 
a 2*5- or 3'5-volt lamp from a small torch, or a small lamp from a 
motor-car. These bulbs for the period of the experiment will 
generally take a greater voltage than that for which they are 
marked, but have a reserve lamp. Three-parts fill the beaker with 
a saturated solution of barium hydroxide (that is, a solution about 
o* 2M or o* 4N) and add to it a few drops of phenol phthalein or 
thymol blue and switch on the current ; the lamp glows brightly. 
Now slowly add, best from a burette or a dropping funnel, a stronger 
solution of sulphuric acid, say a solution i'0-2*0A. The light dies 
down and goes out when an equivalent quantity of acid has been 
added ; at the same time the indicator changes colour. Add an 
excess of sulphuric acid: the light reappears. 

The experiment may be made more spectacular by using the 
lighting circuit (A.C. or D.C, mains will serve) and replacing the 
beaker by a battery jar. Make large electrodes from sheet zinc 
and place a big lamp corresponding to the strength of the current 
in the circuit. 

Expt. 464.—The Electrolysis of Copper Sulphate: the Identity of 
the Gaseous Product 

A solution of copper sulphate is electrolysed between platinum 
electrodes in a closed U-tube. Copper is deposited at the cathode 
and oxygen collected from the anode limb. 

Use the home-made voltameter described on p. 352. Seal the 
cathode side arm with a rubber connection and a glass plug. Join 
a delivery tube to the anode side arm and completely fill the 
apparatus, in the manner described in Expt. 405, with a dilute 
solution of copper sulphate, say o*^M. Place an inverted test-tube 
full of water over the delivery tube and switch on the current. In 
a few minutes sufficient gas for identification will have collected. 
The gas proves to be oxygen. Remove and show the cathode 
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coated with copper. Now it is impossible to break up copper 
sulphate into copper and oxygen only, therefore other products of 
decomposition must be in the solution. 

In the next experiment the electrolysis is prolonged until all the 
copper has been removed from solution, so that the other products 
may be identified. 

Expt. 465 .—The Electrolysis of Copper Sulphate Solution: the 
Formation of Sulphuric Acid 

A weak solution of copper sulphate is electrolysed until the whole 
of the copper has been removed from solution. The residual liquid 
is found to be a solution of sulphuric acid. 

Use the apparatus of fig. 137 and charge the beaker with a weak 
solution of copper sulphate (0‘05M). Switch on the current and 
proceed with another experiment or some other work for 10-20 
minutes. If the action slackens, owing to the cathode becoming 
coated with copper, deliach the cathode and dip it into strong 
nitric acid to remove the copper. After some time the liquid 
becomes perfectly colourless. Filter off the precipitated copper, 
show that the filtrate is acidic and answers to the tests for sulphuric 
acid. 

An explanation of the decomposition of the solution can now 
easily be elicited or given. The sulphate must have taken hydrogen 
from the water. The oxygen thus set free has already been found. 
The terms primary and secondary products can now be introduced. 

Expt. 466 .—The Electrolysis of a Solution of Zinc Sulphate 

Use a o-iM solution of zinc sulphate— i.e, 7-2 gm. ZnS04*7H20 
in 250 c.c. Submit the solution to electrolysis for a few seconds, 
as in Expt, 462. Zinc appears on the cathode and gases arise from 
the anode. The result serves to support what has already been 
found—that under the influence of the current the metal moves 
in a definite direction and is deposited on the cathode. 

Expt. 467 .—Electrolysis of a Solution of Sodium Sulphate 

A solution of sodium sulphate is electrolysed in a cell divided into 
two compartments by a porous partition. Caustic soda appears 
in the cathode compartment and sulphuric acid in the anode 
compartment. The contents of the two compartments are mixed 
and the neutral solution re-formed. 

Divide a beaker lengthwise into two compartments by means of 
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a tightly fitting piece of blotting-paper. This frail partition will 
easily last out the experiment. Fill the beaker with a solution of 
sodium sulphate, a strength of o*iM is suitable, to which add 
purple litmus solution. Alternatively hang a large piece of red 
litmus-paper in the cathode compartment and a piece of blue 
litmus-paper in the anode compartment. Submit the solution to 
electrolysis for a few seconds. The litmus round the cathode turns 
blue, while that round the anode becomes red. Remove the beaker 
from its position and mix the coloured liquids. A neutral solution 
is formed. 

Argument.—The thorough study of the electrolysis of copper 

+ 'f — — 

sulphate, revealing that primarily the ions are Cu.. SO4, renders 

explicable the results of the electrolysis of sodium sulphate. The 
+ — 

primary products Na .. SO4 immediately react with the water yielding 
the secondary products, which were found. The final neutrahsa- 
tion shows that the base and acid were formed in equivalent 
proportions. 

Expt. 468 .—The Electrolysis of a Salt Solution. R. Lupke, 1894 
(Using a U-tube as an electrolytic cell.) 

Among other electrolytic cells described by Liipke is a U-tube 
with the limbs close together. The following are convenient 
dimensions for the cell, the walls of which should be of thick glass : 
height 20 cm., diameter 2 cm., and the limbs not more than 0*5 cm. 
apart. The electrolysis of sodium sulphate and kindred experiments 
may be effectively carried out in this apparatus. 

Add a generous amount of a suitable indicator to the solution 
of sodium sulphate and pass the current for 2 or 3 minutes only; 
no admixture of the liquid by diffusion will then occur, accordingly 
a porous partition is not needed. 

As an indicator I use a mixture of 2 volumes of methyl red and 
I volume of thymol blue and add about i c.c. of this indicator to 
100 c.c. of solution of sodium sulphate. This mixed indicator is 
blue in alkaline, red in acid solution, and has a green neutral tint. 
(The preparation of the above indicator solutions will be found in 
my Volumetric Analysis, Bell.) If it is found necessary add to 
the solution of sodium sulphate a few drops of dilute caustic soda 
or sulphuric acid until the green (by transmitted light, greenish- 
purple by reflected light) neutral tint of the indicator is obtained. 
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On electrolysing the solution for a few seconds a gorgeous and 
impressive display of colour is produced. 

Expt. 469.—The Electrolysis of a Solution of Common Salt 

A solution of common salt is electrolysed and chlorine and caustic 
soda obtained. Divide a beaker with a partition of blotting-paper, 
as in Expt. 467. Fill the beaker with a solution of common salt 
10-15 gm. per 100 c.c. Hang a strip of red litmus-paper in the 
solution near each electrode. Submit the solution to electrolysis. 
The paper in the cathode compartment turns blue, that in the 
anode compartment is (soon) completely bleached. If the elec¬ 
trolysis is allowed to go on for a few minutes the odour of chlorine 
becomes perceptible in the room. 

At the conclusion of the experiment the following points should 
be driven home :— 

(a) The experiment reveals the existence of secondary products 
of electrolysis, and it should be within the ability of the pupils to 
predict their occurrence ; 

(b) the principle of a modern industrial method for the preparation 
of chlorine and caustic soda is illustrated ; 

(c) the metal, as in other electrolyses, flows in the positive direction 
and is (momentarily) deposited on the cathode. A means of 
detecting the direction of the current is thus available, and it is 
a good plan to encourage pupils to name the poles of accumulators 
and pocket batteries. My own custom is to present to owners of 
batteries a small piece of red litmus-paper, with instructions to 
moisten it at home with a solution of common salt, then, placing 
the free ends of the leads close together, to complete the circuit 
of the battery with the moistened paper. At the next class meeting 
the pupils exhibit the treated paper with its blue spot. 

Expt. 470.—The Electrolysis of Potassium Iodide Solution 

At this stage the class will be able to predict the result of the 
experiment. If the class are not aware of the appearance of a 
solution of iodine in potassium iodide, make a small amount of this 
solution before carrying out the electrolysis. 

Perform the experiment, using a divided beaker, exactly as in 
Expt. 469. The appearance of the iodine in the anode compart¬ 
ment is highly spectacular. Show the starch-iodide reaction, 
Expt. 321, if this has not been done. Now make up 100 c.c. of a 
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solution of starch and add to it about lo gm. of common salt and 
a crystal of potassium iodide. Impregnate white blotting-paper 
with this solution and present the pupils with portions of this 
pole-finding paper. 

Expt. 471 .—The Electrolysis of Potassium Bromide Solution 

A solution O’^M (6 gm. KBr in loo c.c.) is electrolysed in a 
divided ceil, as in Expt. 470. Pipette a portion of the bromine 
solution from the anode compartment, and discharge it into a 
solution of starch iodide. 

Expt. 472 .—The Lead Accumulator. F. 

A solution of dilute sulphuric acid is electrolysed for a few minutes 
between plates of lead. The current is switched off and the lead 
electrodes placed in circuit with a lamp or bell. A current flows 
round the circuit. 

Cut electrodes of any convenient size, say 2 inches by 3 inches, 
from thin sheet lead. To cut the lead sheet make a deep scratch 
with a strong knife or other instrument along the line to be cut, 
then just roll up the unwanted section of lead. The metal parts 
easily. Attach a stiff copper wire to each electrode. To do this 
turn up one of the short sides of the electrode by hammering it 
gently while it is lying with an edge over an iron support. Insert 
the end of the copper wire, hammer the lead very gently, with a 
succession of light taps, until it grips the copper tightly. 

First brighten the electrodes by scraping off any tarnish, then 
immerse them in a beaker full of dilute sulphuric acid (i volume of 
acid to 3 volumes of water). 

Pass a current through the cell for a minute. Now switch off the 
current and remove the electrodes. The cathode is bright, but the 
anode is coated with a brown deposit. From the knowledge of 
electrolysis already gained, the class will easily grasp that the 
deposit is lead peroxide. Replace the electrodes and put them in 
series with an electric bell or a small toy lamp, 2*5 volts. On 
closing the circuit the bell will ring or the lamp will glow for several 
minutes. 


The Electrolysis of Molten Compounds 

Salts may be fused and electrolysed in a dish or crucible of porce¬ 
lain or nickel. The crucible is usually ruined in one experiment. 
E. F. v. Gorup-Besanez suggested the use of a clay tobacco pipe, 

28 
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and this inexpensive vessel is most suitable. A few salts which 
do not attack glass and fuse at moderate temperatures— e.g. stan¬ 
nous chloride, m.p. 247® C., lead chloride, m.p. 500"^ C., and lead 
bromide, m.p. 380° C.—may be electrolysed in glass tubes and 
shown as lecture experiments. 

An iron rod, say 0*3 mm. in diameter (a knitting-needle), is 
commonly used as the cathode and a thin rod of retort carbon, 
which is not readily attacked by chlorine, as the anode. A current 
of 6-10 amperes at 7-12 volts is required, and this is best obtained 
from 3~6 accumulators. An ammeter should be placed in the 
circuit and kept there the whole time, for the strength of the current 
undergoes strange fluctuations during the experiment. Failing an 
ammeter, proceed as follows: Fuse the salt, switch on the current, 
and bring the anode gradually towards the cathode until the 
decomposition begins. Watch the process constantly and move 
the anode as occasion requires. See that the metal accumulating 
round the cathode does not close the gap between the electrodes 
and thus short-circuit the current. 

Some protection against the spitting of the molten salt must be 
provided if pupils are standing close up. W. R. Hodgkinson (1908), 
when conducting the electrolysis in a crucible or basin, encloses 
the electrodes in glass cylinders such as the necks of broken Wurtz 
flasks. The end of each tube dips ^ inch under the molten salt, 
and the electrodes project J inch beyond the tubes. Gases evolved 
in the electrolysis may be tested for in the side arms. 

The details of two experiments with molten electrolytes are given 
below. For the electrolysis of (a) molten salt see W. R. Hodgkinson, 
Valentin’s Practical Chemistry, p. 98 (Churchill, 1908); (b) molten 
sodium hydroxide, see S. Wiechowski, Chem. Zeit., 1917, 41 , 739 ; 
E. R. Martin, S.S.R., 1925, 7 , 39; (c) several fused chlorides, see 
M. Faraday, 1833, loc, ciL 

Expt. 473 .— Electrolysis of Fused Magnesium Chloride (R. Bunsen, 
1852). E. F. V. Gorup-Besanez, 1859-1868 

Support a clay pipe so that the bowl may be heated in a Bunsen 
flame. Use a stout iron wire—a knitting-needle—pushed down the 
stem until it just enters the bowl, as cathode. As anode use a rod of 
retort carbon, clamped vertically and dipping into the pipe bowl. 

Previous to the experiment, make a solution of 20 gm. MgClg * bHgO, 
7*5 gm. KCl, and 3 gm. NH4*C1 in say 100 c.c. of water. Evaporate 
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the solution to dryness, then in a porcelain basin, or on an iron 
tray, bring the mass to fusion. Break the fused mass into lumps 
and store in a stoppered tube. 

Almost fill the bowl of the pipe with the prepared electrolyte. 
Heat the bowl with a strong flame until the salt fuses. Cover the 
mass with a layer of charcoal. Pass a current of about lo volts 
and 5-8 amperes for 20-30 minutes. Smash the cooled pipe to 
obtain the magnesium. 

Calcium (O. Ruff and W. Plato, 1902).—Use a mixture of 
100 parts of anhydrous calcium chloride and 16-5 parts of calcium 
fluoride, and a current of 8 amperes at 8 volts from 5 accumulators 
in series. 

Expt. 474 .—The Electrolysis of Fused Lead'Bromide. F. 

This salt lends itself to electrolysis by the method of Gorup- 
Besanez. It is readily prepared and easily fusible, the odour of 
the bromine soon pervades the room and the colour can be seen 
by those near by ; finally if a D.C. lighting circuit is available, and 
the lamp bank is arranged so that a current of 2-3 amperes passes, 
sufficient lead for the purpose of identification may easily be obtained 
in a few minutes. 

Preparation of Lead Bromide.—Owing to its high density (6-6) 
several grams of the salt will be required. It is easily prepared 
by precipitation. Dissolve 20 gm. of lead nitrate and 15 gm. 
of potassium bromide each in 50 c.c. of hot water and mix the 
solutions. Allow the precipitate to settle, then wash it two or three 
times by decantation. Transfer the precipitate to a filter to dry. 
Deprive the salt completely of water by bringing it just to fusion 
in a crucible. 

The Electrolysis.—Break ofl the stem of a clay pipe so that only 
to 2 inches remain attached to the bowl. Push a knitting- 
needle through the stem until its end can be just seen in the bowl. 
Attach the needle to the negative terminal of the D.C. mains. 
Three-parts fill the bowl with lead bromide and clamp the pipe over 
a Bunsen for heating. Attach a thin carbon rod to the positive 
lead by means of stout copper wire. Previous to this slip a glass 
tube over the end of the lead to serve as an insulated handle. Warm 
the pipe with a small flame; the salt soon melts (m.p. 380® C.). 
Dip the carbon rod into the molten liquid and switch on the current. 
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Lower the carbon cautiously into the pipe bowl until a vigorous 
evolution of bromine ensues. In a few minutes turn off the current 
and allow the melt to cool. Smash the pipe: the bulk of the lead 
is usually found adhering to the iron rod. Cut the lead to show its 
colour and softness. Mark paper with it. 

COLLOIDS 

For many years after the death of Graham the subject of colloids was 
but little studied. This neglect was reflected in introductory science, 
where the treatment of colloids was generally limited to the purifica¬ 
tion of silicic acid by dialysis. The sudden and enormous expansion 
of our knowledge of colloidal matter in the early part of the present 
century was equalled only by the rapidity with which this knowledge 
was applied to industry and medicine to tlie betterment of both. 
The advance of the science has brought in its train new and convinc¬ 
ing explanations of long-standing difficulties. The attention thus 
focussed on colloids revealed their profound importance, and made 
imperative their inclusion in the science curriculum. For the 
colloidal state is a fundamental state of matter, and adsorption, 
so prominently manifested in colloidal material, is of widespread 
occurrence. The bulk of human food is in the colloidal state, 
therefore the preparation of food and the process of cooking are 
applications of colloidal chemistry. It is evident that a knowledge 
of the colloidal state is essential for a right study not only of 
chemistry and biology but of all the material sciences. 

Happily the elementary study of colloids does not require the 
possession of rare materials, nor the use of elaborate apparatus. 
Colloidal phenomena are to be found among familiar substances of 
human and economic interest, and colloidal principles illustrate 
processes of everyday occurrence. 

Admittedly, it is always difficult for teachers to select and fit 
new matter into an existing scheme. Where the new matter is 
taken from a rapidly expanding branch of science the difficulty 
is increased. The enormous factual output, the new terms and 
connotations, and not least the rival theories, all tend to hide the 
essential features and hinder the recognition of related phenomena. 
Moreover, little help can be obtained from original papers and large 
treatises which are written by and for specialists. Accordingly, I 
venture to offer the following course, which the next series of 
experiments serves to illustrate. 
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Abandoning the historical approach, since it would necessitate 
beginning at once with dialysis, I have introduced the formation 
of a colloid as a phase of precipitation. It is evident that most 
substances can exist in the colloidal as in the gaseous or liquid 
state. Incidentally, the colloidal state and precipitation are con¬ 
currently studied to the advantage of both. For not only are 
fresh ideas linked to those already familiar, but precipitation, 
woefully neglected in elementary chemistry, receives considerable 
attention. Some wonderful analogies, otherwise overlooked, afford¬ 
ing splendid examples of the unity of chemistry, are thus brought 
out. 

The various ways of bringing matter into the colloidal state, the 
dispersion process of Bredig, and the several condensation methods 
are illustrated by simple experiments. Flocculation and peptisation 
are likewise simply illustrated, and attention called to familiar 
occurrences of the phenomena. Some of the outstanding properties 
of colloidal matter are then demonstrated, notably the inability 
of colloids to diffuse or dialyse, protective action, turgesccnce, and, 
above all, adsorption with its manifold ramifications. 

Owing to the inequalities of teaching conditions, and the diversity 
of aims, it is impossible to state how much of colloids to take and 
where the matter should be placed in the course. Nevertheless, I 
would suggest that, where chemistry is preparatory and ancillary 
to biology or domestic science, colloids could be introduced quite 
early. Mathematical and electrical treatment would of necessity 
be waived, and the presentation limited to the illustration of 
the simpler phenomena. The selection would comprise colloidal 
sulphur and antimony sulphide, the flocculation of resin, diffusion 
in jellies, adsorption by charcoal, and the study of emulsions, 
detergence, and turgesccnce. The relevant experiments could be 
and have been shown with instruction and delight to quite young 
pupils. 

But more advanced pupils, especially those intending to pursue 
a chemical career, should profit by the study of adsorption reagents 
and indicators, and the investigation of the washing of a precipitate. 
Furthermore, some account of the various suggestions for classifying 
colloids should be given. Especially valuable is Wolfgang Ostwald’s 
extension of the colloidal terms to include the behaviour of finely 
divided matter dispersed in other than liquid media, for thereby 
related phenomena are grouped. 
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The following literature should be helpful:— 

The Elements of Colloidal Chemistry, by H. Freundlich (Methuen, 
1924). An inspiring and delightful introduction to the science. 

Laboratory Manual of Colloid Chemistry, by E. Hatschek 
(Churchill, 1926). 

Laboratory Manual of Colloid Chemistry, by H. N. Holmes 
(Chapman & Hall, 1928). 

Applied Colloid Chemistry, by W. D. Bancroft (McGraw-Hill), 3rd 
edition. Adsorption and the applications of colloids are well treated. 

Colloids, by E. S. Hedges (Arnold, 1931). 

Colloids, by Kruyt and Klooster (Chapman & Hall, 1930). An 
advanced work for those requiring a grip of the theory. 

* The Preparation and Properties of Colloidal Mixtures,* by 
A. A. Noyes, J.Am.C.S., 1905, 27 , 85-104. This paper contains a 
rich store of experimental data. 

The Sorption of Gases and Solids, by J. W. M'Bain, 1932. 

Expt. gp. 475.—The CoUoidal State 

Sand; a visibly crystalline precipitate; a coarse-grained pre¬ 
cipitate ; a finely divided precipitate and a colloidal suspension are 
all insoluble matters of varying degrees of fineness. 

Place some washed silver sand in a flask with water. Agitate 
the flask to bring the sand into suspension. Stand the flask on the 
bench ; the sand rapidly settles. 

Repeat the experiment with a stoppered flask or bottle containing 
lead chloride (or lead iodide) and water. 

Mix in cylinders equal volumes of the following reagents and note 
the rate at which the precipitates settle :— 

(a) 0-05 M-BaCla and (NH4)2S04; 

(&) 0*1 M-AgNOg and 0*05 M-K2Cr04; 

(c) o-i M-CdS04and (NH4)2S; 

{(^ 0*1 M-KCl and a dilute solution of sodium cobaltinitrite 
(for preparation, see p. 551). 

Finally take a previously prepared colloidal suspension of silver 
or sulphur and show that this suspension runs unchecked through 
a filter. Introduce the term colloidal suspension. Give the 
following as a temporary working definition:— 

A colloidal solution is a suspension of extremely finely divided 
insoluble matter, appearing perfectly clear and transparent to the 
naked eye, and running unchanged through an ordinary filter-paper. 
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Any form of matter which is a distinct chemical individual can be 
brought into the colloidal state, as it may be brought into the 
liquid or gaseous state. Illustrate this point by showing sulphur 
in the crystalline, precipitated, liquid, gaseous, and colloidal state; 

Expt. 476.—Preparation of Colloidal Sulphur^ 

Equivalent volumes of dilute solutions of hydrogen sulphide and 
sulphur dioxide are mixed ; a colloidal suspension of sulphur is 
obtained. 

Fill a flask or bottle of 200-300 c.c. capacity with water, and 
pass clean hydrogen sulphide in for several minutes. In a small 
flask place about 10 c.c. of water and saturate it with sulphur 
dioxide. Pour off and reserve a portion of the hydrogen sulphide 
solution. Dilute the sulphurous acid 5~io times. Transfer the 
hydrogen sulphide solution to a large flask or beaker and add the 
sulphurous acid to it in small portions until the resulting mixture 
smells but faintly of hydrogen sulphide, or gives a feeble reaction 
with lead acetate paper. It is better to have a slight excess of 
hydrogen sulphide rather than of sulphurous acid, for while the 
latter is an electrolyte, and will pass into sulphuric acid, the former 
soon oxidises into water and colloidal sulphur. Some authorities 
give definite strengths and volumes of solutions to be mixed, but 
a satisfactory solution is made in a few minutes in this empirical 
way. When freshly made, the colloidal sulphur possesses a fine 
yellow sheen, but in a few days this changes slowly to a dull yellow 
colour as the particles grow ; much of the sulphur gradually passes 
into the precipitated form, but some remains in colloidal suspension 
for years. 

Pour the liquid on a filter; it runs through unchanged. To a 
portion add salt solution ; sulphur is precipitated. 

Meanwhile prepare a solution of sodium thiosulphate, dissolving 
about 10 gm. of the salt in 100 c.c. of water, and add dilute acid to 
the solution ; sulphur in the granular form is immediately precipi¬ 
tated, and settles readily. Show specimens of crystalline sulphur. 
In this demonstration, what is usually a crystalline substance has 
been obtained in the colloidal state. 

In the next place demonstrate the several ways in which matter 
in mass may be reduced to the colloidal condition. If a direct 
current of sufficient strength be available, Bredig's arc method may 
be shown. 
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Expt. 477.—Dispersion of Silver (G. Bredig, 1898 ) 

An arc is struck under water, using poles of silver. Portions of 
the metal are momentarily vaporised and immediately condensed. 
The particles of colloidal size are filtered from the coarser specks of 
the metal. A direct current of 4-5 amperes and 50-100 volts is 
required. Use silver wire 1-3 mm. in diameter. Attach with 
binding screws short lengths of silver wire to the leads from the 
mains. Insulate the wires by passing them through glass tubes of 
narrow bore. Let the free end of each wire extend about i cm. 
beyond the end of the tube. Clamp one tube vertically with its 
end immersed in a trough of cold water. Hold the second tube in 
the hand. Switch on the current and strike the arc by bringing 
the ends of the wires in contact for a moment and then immediately 
withdrawing them about i mm. apart. Endeavour to keep the 
arc burning, but immediately separate the wires if they fuse 
together. Brownish matter streams from the arc and colours the 
liquid. In a few minutes turn off the current and filter the liquid. 
A greenish-brown colloidal suspension of silver runs through. 
Store it in a bottle until flocculation has been studied. 

The preparation of colloidal suspensions by arresting the molecular 
aggregation of insoluble substances should be prefaced by some 
account of the phenomena of precipitation in aqueous solutions. 

Individual molecules of the insoluble substance are first formed 
and are too small to be seen. The molecules aggregate to larger 
particles with a velocity partly dependent on the particular sub¬ 
stance. Soon particles of colloidal size appear. Under favourable 
conditions the growth continues, the particles becoming coarser 
and finally crystalline. A substance may pass through several 
crystalline states before reaching its final form (see Expts. 483-485). 
The molecular growth may be arrested in several ways—viz. by 
adding a so-called protective colloid ; by working in dilute solution 
in the absence of, or in a very small concentration of, an electrolyte. 
Many of the phenomena are simply and cogently illustrated by a 
study of the precipitation of antimony sulphide. 

Expt. 478.—Colloidal and Precipitated Antimony Sulphide. A. A. 

Noyes, 1905 

Prepare a solution containing 5 gm. of tartar emetic in 250 c.c. of 
water. Dilute 5 c.c. of ordinary commercial ammonium sulphide to 



ARSENIC SULPHIDE SOL 


441 


250 c.c. Mix 50 c.c. of each of these solutions; immediately a flocculent 
precipitate of the orange-coloured antimony sulphide is obtained. 
Retain this precipitate as a standard. Next dilute with water a 
portion of each solution to about a quarter of its original strength. 
On mixing equal volumes of these diluted solutions no precipitate 
is obtained even on shaking, but a clear, richly coloured orange 
liquid results. The point should be driven home that this clear 
liquid is a suspension of insoluble matter. (If a turbidity does 
appear when the solutions are mixed, it is only necessary to start 
again and dilute each solution a little more.) 

That the liquid is a sol is readily shown by boiling some of it 
for a few minutes ; a precipitate appears of the same form and 
colour as that obtained when the original stronger solutions were 
mixed, and a colourless liquid remains. Heat accelerates chemical 
action and here hastens the passage of the colloidal particles to the 
ordinary form of precipitated antimony sulphide. Likewise the 
addition of solutions of ekxtrolytes—sodium sulphate, alum, etc.— 
easily brings about the precipitation of the sulphide. The sol is 
not very stable and coagulation usually occurs in a few hours. 
The appearance of the precipitate in the sol illustrates the particle 
growth which occurs when an insoluble substance is precipitated 
from solution. 

If time allows, prepare colloidal suspensions of other familiar 
precipitates by a similar method. 

Expt. 479 .— Arsenic Sulphide Sol. A. A. Noyes, 1905 

Prepare beforehand a quantity of a saturated aqueous solution 
of arsenious oxide. This is sparingly soluble and dissolves slowly— 
about 1*3 gm. of the octahedral form dissolves in 100 c.c. of water 
at room temperature. It is advisable to digest a saltspoonful of 
the powdered oxide with 200 c.c. of hot water some time before it 
is required. Dissolve a little arsenious oxide in dilute hydrochloric 
acid, pass in hydrogen sulphide, and show the ordinary yellow 
insoluble arsenious sulphide. 

In a flask place 100 c.c. of the cold saturated solution of arsenious 
oxide and pass in clean hydrogen sulphide until a trial portion of 
the liquid just smells of the gas ; remove the odour by adding a 
little arsenious oxide solution. An excess of either reagent seems 
to make little difference to the considerable stability of the sol; 
but any excess of hydrogen sulphide decomposes, making the liquid 
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cloudy. It is expedient to remove the trial portion a considerable 
distance from the preparation flask before testing the odour, and 
to enlist the aid of members of the class, for the nose soon loses its 
power of detecting small amounts of hydrogen sulphide. A splendid 
golden sol is obtained, and usually it seems incredible to students 
that this perfectly clear golden liquid contains an insoluble solid in 
suspension ; yet this is convincingly demonstrated by adding to 
portions of the sol solutions of salt, calcium chloride, magnesium 
chloride, hydrochloric acid, or indeed any electrolyte not likely to 
react chemically with arsenic sulphide. Show that the precipitate 
is arsenic sulphide, insoluble in concentrated hydrochloric acid ; 
and further show that the sol is not a supersaturated solution by 
adding to it the solid sulphide, when no seeding out occurs. 

Expt. 480.—Ferric Hydroxide Sol 

Take a heaped tcaspoonful of ordinary hydrated ferric chloride 
—usually a deliquescent mass—and dissolve it in about two or three 
times its volume of water. For the following experiments the 
liquid must be clear ; it usually requires filtering. 

Warm slowly a portion of the above solution. The yellow colour 
of the liquid soon darkens to a deep orange-brown—colloidal ferric 
hydroxide—which persists when the boiling temperature is reached. 
After boiling for a few minutes a precipitate appears—generally 
called ferric hydroxide, but actually a basic ferric chloride of 
indefinite composition. Here, by rise of temperature, the passage 
of a somewhat stable colloid into the ordinary precipitated form is 
expedited ; in other words, the ageing process has been accelerated. 
Allow the precipitate to settle, then test the liquid with a strip of 
blue litmus-paper ; a strongly acidic reaction is observed. 

FeClg +3HO-H =Fe(OH)3 +3HCI 

The dark colour of an old solution of ferric chloride and the brown 
sediment in the reagent bottle are due to the above changes taking 
place slowly in the cold. 

Next place 500 c.c. of water in each of two large flasks. Heat the 
water in one flask to 80-90° and then stand it beside the other 
flask. Measure into two test-tubes equal volumes—about 2-4 c.c. 
is satisfactory—of the strong solution of ferric chloride and pour 
these simultaneously into the two flasks. The cold solution is 
pale yellow ; the hot one assumes a beautiful reddish-brown colour, 
due to the presence of colloidal ferric hydroxide, the formation of 
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which is easily understood from the previous experiment. The 
sol obtained is of great stability and will keep for weeks. Add to 
portions of it solutions of sodium sulphate and alum, reagents which 
will not give insoluble products with either ferric or chloride ions; 
flocculation immediately takes place. 


In the next series of experiments the molecular growth is arrested 
at the colloidal stage, by precipitating the insoluble substance in 
the presence of a hydrophilic colloid. 

Expt. 481.—Formation of Colloidal Silver Chloride. E. Hatschek, 
1925 

Silver chloride is precipitated first in the presence of nitric acid, 
when the well-known curdy mass appears ; secondly, in the presence 
of gelatin, when a milk-like colloidal suspension is obtained. 

In a stoppered cylinder mix 50 c.c. of o*02A/’-AgN03 with 50 c.c. 
of o-02A^-NaCl and add i c.c. of concentrated nitric acid. On 
shaking the cylinder, the familiar curdy precipitate of silver chloride 
appears. Now repeat the experiment, but omit the nitric acid and 
add instead a solution of gelatin. Take 10 c.c. of O'lN-AgNOg, 
add 10 c.c. of a warm 5 per cent, solution of gelatin and dilute to 
50 C.C., so that the solution is o^o2N as before. In a similar way, 
using o*iN-NaCl, prepare 50 c.c. of a o*02N-NaCl in gelatin. On 
mixing the two solutions, a thin opalescent liquid is obtained, but 
no precipitate falls even after long and vigorous shaking. The sol 
runs through a filter unchanged. Here is seen the action of a 
protective colloid ; owing to the presence of the gelatin the growth 
of the particles is in some way arrested at the colloidal stage. 

The gelatin solution is made by taking the necessary weight of 
sheet gelatin—the product supplied by a grocer is quite satisfactory 
—soaking it in cold water overnight, and then bringing it into 
solution by warming it in the desired amount of water. The solution 
must be used warm, since one of this strength sets on cooling. In 
preparing the silver chloride sol do not use more than the given 
quantities of gelatin, or a gel will form, impeding the filtering. 

Ezpt. 482.—Preparation of Colloidal Silver Chromate 

Mix equal volumes of o-iM-AgNOg and o-osM-KgCrO^ in a tall 
cylinder; red silver chromate is precipitated and soon settles to 
the bottom. Next dilute 50 c,c. of each solution with 50 c.c. of 
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2 per cent, gelatin. Mix the solutions; a red suspension forms, 
which runs unchanged through a filter. 

Many other such colloidal suspensions may be similarly prepared, 
notably those of barium sulphate, lead chromate, and mercuric 
iodide. The latter should not be omitted, for the growth of the 
precipitate is seen, as it were, in a slow-moving picture. 

Expt. 483.—Preparation of a Sol of Mercuric Iodide. J. Newton 
Friend, 1922 

Prepare a o-iM solution of mercuric chloride by dissolving 
6*8 gm. of the salt in 250 c.c. of water, and a o*2M solution of 
potassium iodide by dissolving 8-3 gm. in 230 c.c. of water. Dilute 
equal volumes of these solutions with two or three times their volume 
of water and then mix the liquids. The yellow form of mercuric 
iodide (rhombic crystals) is momentarily precipitated and immedi¬ 
ately passes into the stable crimson form (tetragonal). Dilute 
another fraction of each solution with its own volume of 2 per cent, 
gelatin and again mix equal volumes of the reagents. The yellow 
form immediately appears, but in colloidal suspension ; the yellow 
colour persists for hours, after which the precipitate slowly reddens. 
The life-period of yellow mercuric iodide may be considerably 
extended by working with more dilute solutions. Thus if the above 
reagents are made o*02^M, and then each diluted with an equal 
volume of 2 per cent, gelatin before mixing, the yellow form of 
mercuric iodide will persist for weeks. 

This is a convenient point to gather up the work on precipitation 
and show the interrelationship of the phenomena. The experi¬ 
ments on the transformation of red and yellow phosphorus should 
be recalled, and those on the precipitation of sulphur from the 
molten element and from the solution in toluene. These experi¬ 
ments could be supplemented by some of the following, especially 
Expt. 484, where it is shown that mercuric iodide undergoes exactly 
the same changes when the vapour condenses to the solid state as 
it does when prepared by precipitation from solution. 

Expt. 484.—Yellow and Red Mercuric Iodide 

Red mercuric iodide is gently sublimed. Slowly on standing, 
rapidly when rubbed, the yellow crystals pass into the red variety. 

(a) Place less than i gm. of red mercuric iodide in a dry test-tube. 
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Loosely plug the mouth of the tube with asbestos wool—to absorb 
fumes which escape condensation on the glass. Heat the tube 
cautiously by waving it in a small flame. The whole of the mercuric 
iodide passes into a colourless vapour and condenses to yellow 
crystals higher up the tube. Clamp the tube for observation and 
leave it; at the end of 10-20 minutes transformation to the red 
crystals is visible. Meanwhile repeat the sublimation in a second 
tube. Remove the asbestos plug and rub the crystals with a glass 
rod. Transformation to the red stage takes place immediately. 

(h) Alternatively the experiment may effectively be carried out 
as follows : With a finger rub red mercuric iodide over a large 
sheet of filter-paper. Heat the paper, the coated surface upper¬ 
most, over a flame, giving the paper a gentle circular motion in 
the horizontal plane until the red salt has completely changed into 
the yellow variety. The latter often appears as glistening crystals. 
Pin the paper on the blackboard and write on the yellow deposit 
with a glass rod ; red letters follow the movement of the rod. 

(c) Dissolve a few grams of red mercuric iodide in warm alcohol; 
a yellowish solution is obtained. Mix a portion of the solution 
with water; yellow mercuric iodide is precipitated and slowly 
(appreciable in 10 minutes) changes into the red form. If the 
alcoholic solution is poured into a small volume of water the yellow 
form will persist for days. 

[d) Place some of the alcoholic solution on a slide in the micro- 
projector and let the class watch the crystals grow. Usually 
numerous yellow crystals and a few red ones are seen. The yellow 
crystals slowly change colour. Leave the slide in position but 
switch off the light. Exhibit the slide again towards the end of 
the lesson, when the number of red crystals will have considerably 
increased. 

The Ageing of Precipitates: Movement within Solids. —The passage 
of an insoluble solid from the colloidal state to the final crystalline 
form is an example of a behaviour of wide occurrence. When a 
solid is precipitated from solution, or when gaseous or liquid matter 
passes into the solid state, the final form of the solid is not immedi¬ 
ately produced, but is preceded by a succession of intermediate 
forms each less soluble and less chemically active than its pre¬ 
decessor. The velocity with which the transformation takes place 
at ordinary temperature varies enormously with different substances. 
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Striking examples of this general behaviour have already been met. 
The remarkable similarity between the phenomena attending the 
condensation of the vapours of phosphorus and mercuric iodide 
will be grasped as soon as attention is called to it. Furthermore, 
the difference in the reaction velocities of the two systems is extra- 
ordinarily helpful for the elucidation of the mechanism of precipita¬ 
tion. Experiments may be done with yellow phosphorus as though 
it were a stable substance, and thus the properties of an intermediate 
form accurately investigated. The formation of monoclinic sulphur 
and its transformation into the rhombic variety; the precipitation 
of potassium hydrogen sulphate as needle crystals and their change 
into rhombic plates provide additional illustrations. Further 
examples are given in the following experiments, notably the 
precipitation of gelatinous calcium carbonate and its change to 
aragonite and calcite, transformations which have important 
repercussions in the biological world. The teacher can supply 
others from his knowledge of photography, from chemical analysis, 
and from familiar occurrences. One such example, the sulphating 
of lead accumulators, should not be omitted, for here the knowledge 
provides a guide to procedure. When lead accumulators are 
frequently charged and discharged the colloidal and crystalline 
varieties of lead sulphate first formed on discharging the cell dissolve 
readily on recharging. When allowed to stand for months dis¬ 
charged the lead sulphate passes into a highly intractable crystalline 
form. The experimental results and the illustrations given could 
be gathered up, discussed, and the likenesses brought out. Thus, 
the absence of aragonite from the chalk hills and of monoclinic 
crystals from cold solid sulphur can be attributed to the same 
underlying causes which account for the sulphating of accumulators 
and the superior activity of massicot to litharge and of yellow to 
red phosphorus. Pupils becoming aware of these wonderful inter¬ 
relationships acquire a sense of the law and order existing in the 
natural world. For among the phenomena a cosmos is revealed, 
helping to dispel the mistaken idea that chaos reigns in chemistry. 

Expt. 485 .— Chalk as a Jelly and as a Granular Precipitate. F. 

Equivalent volumes of cold concentrated solutions of calcium 
chloride and sodium carbonate are' carefully mixed. A stiff jelly 
is produced, the calcium carbonate having absorbed the entire 
liquid contents of the system. 
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The gelatinous calcium carbonate is compared with the granular 
precipitate prepared in the ordinary way by mixing boiling solutions 
of the reagents. 

Prepare 4Af-CaCl2 by dissolving 44 gm. of the anhydrous salt 
in hot water, filtering if necessary, and diluting to 100 c.c. Prepare 
2M-Na2C03 by dissolving 57-2 gm. of clear crystals of washing-soda 
in hot water and diluting to 100 c.c. 

(a) Place 10 c.c. of the calcium chloride solution in a boiling tube 
or small cylinder. Fill a 20-c.c. pipette with the sodium carbonate 
solution, place the tip of the pipette at the bottom of the boiling 
tube and very slowly deliver the contents, while gradually raising 
the pipette. In this way mixing is effected without disturbing the 
product and a perfectly colourless transparent jelly forms. 

Carefully invert the tube to show that its contents have solidified. 
Set the tube aside for observation. After 10-15 minutes an opaque¬ 
ness appears and spreads through the clear gel, but the system will 
still stand the inversion of the tube. By slow growth the precipitate 
has reached the stage of the product formed in (b) below. At this 
stage prepare a fresh precipitate of transparent calcium carbonate 
for comparison. After 30-60 minutes have passed the life of the 
jelly is over, the opaque ' chalk ' appears as a white precipitate 
in several times its volume of supernatant liquid. Invert the tube 
and call attention to the rapidity with which the precipitate settles. 

(b) In a second tube again make the jelly as in (a). Close the 
tube with a cork or a thumb and give the tube one violent shake. 
The contents immediately solidify to a stiff white opaque jelly. 
Invert the tube—not a drop of liquid runs out. This opaque jelly 
is less reactive than the transparent product. 

(c) Meanwhile, take the above quantities of each solution, dilute 
each with its own volume of water, and bring each to the boil in 
separate beaker. Mix the boiling solutions and immediately 
transfer the beaker to an asbestos mat. Chalk rapidly settles 
as a fine powder. Decant some of the clear liquid and transfer 
the suspension of chalk to a boiling tube. Compare the volume of 
the granular * chalk ' with that of the jelly containing the same 
weight of calcium carbonate. 

Expt. 486 .— The Reactivity of Gelatinous Calcium Carbonate. F. 

Powdered marble, precipitated chalk, and an equal weight of 
'jelly chalk,* in separate flasks, are simultaneously treated with 
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the same volume of dilute acid. The jelly chalk dissolves in a 
few seconds, the marble in several minutes. 

Have ready in each of three beakers 45 c.c. of i-oY-HCl (this is 
a small excess of acid, 2 gm. of chalk requires 40 c.c. of i*oiV-HCl). 
Also take three large flasks. A, B, and C. In A place 2 gm. of pre¬ 
cipitated chalk and 15 c.c. of water—to compensate for the water 
added in making the jelly chalk. In flask B place 2 gm. of finely 
powdered marble (or calcite) and 15 c.c. of water. In flask C 
prepare 2 gm. of jelly chalk by mixing 5 c.c. of the 4Af-CaCl2 
and 10 c.c. of 2M-Na2C03. Delay preparation C until all is ready 
and do not shake the flask for the transparent jelly dissolves 
instantly in dilute acid, but the stiff opaque product (Expt. h) 
takes almost as long as precipitated chalk. With the aid of pupils, 
simultaneously add the quota of acid to each of the flasks. Vigor¬ 
ous effervescence ensues, the jelly chalk in C dissolves, and the 
effervescence ceases in about 5 seconds. Most of the precipitated 
chalk in A dissolves in about 30 seconds, a few gritty specks still 
remain. The complete solution of the marble in B requires several 
minutes. 

Expt. 487 .— Transformation of Blue into Black Copper Hydroxide. F. 

Blue gelatinous copper hydroxide, standing in its preparation 
liquor, changes into green copper hydroxide and finally to the black 
so-called hydrated copper oxide. 

Place 25 c.c. of i-oAf-NaOH in a 200-c.c. flask and add just short 
of the equivalent amount of copper sulphate, say 22-23 c.c. of 
o*5M-CuS 04 • 5H2O. Filter a few c.c. to show that the liquid 
phase is quite colourless. Now warm the flask, very gently swirling 
the contents meanwhile. The precipitate turns pale green, then 
dark green, and finally black. 

Repeat the precipitation. This time bring the solution of caustic 
soda to the boil, then slowly pour in the copper sulphate. The black 
precipitate forms at once. 

Expt. 488 .— ^Preparation of Colloidal Silver. E. Hatschek, 1913 
(a) Reduction of Silver Nitrate by Tannin 

It is difficult for young pupils to believe that the dark brown liquid 
obtained in this well-known preparation is a suspension of elemental 
silver. I have therefore added two ancillary experiments, a, &, which 
show clearly and indubitably that the addition of tannin to an 
ammoniacal solution of silver causes the precipitation of that element. 
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{a) Prepare a solution of silver nitrate by dissolving lo gm. in 
100 c.c. of water,. Also prepare a solution of tannin by grinding 
10 gm. with a little cold water and diluting to loo c.c. Take a 
portion of the silver solution and add ammonia to it until the silver 
oxide first precipitated ju.st dissolves. Use a fairly strong solution 
of ammonia, say 4iV, to avoid too great a dilution of the silver. 
Now add a little of tlie tannin solution, equal to about one-tenth to 
one-twentieth of the volume of the silver nitrate .solution taken, 
mix the contents, and stand the tube in a beaker of hot water. In 
two or three minutes a deposit of silver appears as a mirror on the 
walls of the tube. 

{b) Prepare a solution of ammoniacal silver nitrate as before ; 
bring it to the boil, add about one-tenth of its volume of tannin 
solution and remove the flask from the source of heat. On standing, 
the heavy black precipitate of metallic silver settles. From these 
experiments it is e.stablished that on mixing .solutions of tannin and 
silver nitrate a precipitate of .silver is produced. 

(c) Finally, dilute lo c.c. of the silver solution to loo c.c. Take 
5 c.c. of this .solution and, using quite dilute ammonia, make 
ammoniacal silver nitrate and dilute it to loo c.c. Also dilute 
10 c.c. of the tannin solution to loo c.c. To the loo c.c. of diluted 
ammoniacal silver solution add 1-2 c.c. of the dilute tannin solution. 
No precipitate is obtained, but a clear dark brown liquid which is 
green by reflected light. This is a silver sol, but it is not advisable 
to use it for coagulation experiments owing to the protective action 
of the tannin. 

Expt. 489 .—Preparation of Colloidal Silver. M. Cakey Lea, 1889 
(b) Reduction of Silver Oxide with Dextrin 

Silver oxide is precipitated in the presence of dextrin. The latter 
functions both as a reducing agent and a protective colloid, and a 
highly stable .silver sol is produced. 

A splendid permanent silver sol is obtained by this method, but 
the preparation cannot be completed in one lesson. As with 
Expt. 488, I have added an introductory experiment to show that 
the reagents when mixed afford a precipitate of metallic silver. 

5 gm. of ordinary dextrin and 5 gm. of caustic soda are dissolved 
separately in water, the solutions mixed and the mixture diluted 
to 250 c.c. 

Place some of this solution in a test-tube ; add about one-tenth 

29 
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its volume of lo per cent, silver nitrate solution and stand the tube 
in a beaker of hot water. The brown silver oxide at first precipitated 
is slowly reduced to silver. The reduction is retarded by the 
protective action of the dextrin, but a good mirror is obtainable in 
10-20 minutes. This shows that a mixture of the above reagents 
yields a precipitate of silver. 

Transfer the rest of the alkaline dextrin to a large flask and add 
slowly a solution of 3*5 gm. of silver nitrate in 20 c.c. of water, 
keeping the contents of the flask well agitated; silver oxide is 
precipitated. Allow the flask to stand for an hour—or until the 
next lesson, or warm the flask on a water-bath for 20 minutes— 
the brown silver oxide is reduced by the dextrin to black silver 
which is in the colloidal state. To some of this colloidal suspension 
add an equal volume of alcohol. The remaining dextrin, caustic 
soda, and products of oxidation are dissolved by the alcohol, but 
the silver is precipitated and settles in an hour or more. At this 
stage decant off the liquid ; the operation is quite easy for the 
silver, in a tar-like mass, adheres to the walls of the vessel; 
wash with a little alcohol. On now adding a large volume, say 
500 c.c., of water the silver is peptised and a perfectly clear 
liquid—green by reflected light, brown-red by transmitted light— 
is obtained. 

To a portion of this sol add dilute hydrochloric acid ; no silver 
chloride is precipitated because no silver is in solution, but the 
acid coagulates the sol and a dense black precipitate of metallic 
silver is obtained. To another portion of the sol add a few drops 
of concentrated nitric acid ; as before a black precipitate of silver 
appears. Add more nitric acid, 2-3 c.c., and gently warm the 
liquid. In a few seconds the precipitated silver dissolves and a 
colourless solution is obtained. 

To this add dilute hydrochloric acid; a precipitate of silver 
chloride now appears. The silver sol may be kept for years. 

A red copper sol may be prepared from cuprammonium hydroxide 
and egg albumen, see H. N, Holmes, Colloid Chemistry, 1928. 

The formation of a sol by peptising a precipitate may be illustrated 
by preparing sols of ferric hydroxide and cadmium sulphide. Where 
time does not permit of both being done, the preparation of the 
ferric hydroxide sol, being more informative and free from objec- 
tional odour, is to be preferred. 
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Expt. 490 .—Ferric Hydroxide peptised 

Prepare a solution of ferric chloride containing about lo gm. of 
the ordinary moist salt per loo c.c. Precipitate the hydroxide, 
in the cold, by pouring the iron solution into a small excess of 
ammonia or ammonium carbonate. Do not mix the reagents in 
the reverse order. Without unnecessary delay wash the precipitate 
two or three times by decantation with cold water. To this washed 
hydroxide add a strong solution of ferric chloride (20-40 gm. of 
the moist ferric chloride per 100 c.c.) and gently swirl the contents 
of the flask. Immediately, or in a few minutes, according to the 
state of the hydroxide and the strength of the ferric chloride, the 
precipitate seems to dissolve and a rich brown liquid results. 
Contrast the deep colour of this sol with the yellow colour of the 
strong solution of ferric chloride. That the liquid is a sol is easily 
shown by adding to portions of it solutions of alum—say a 10 
per cent, solution—or sodium sulphate ; coagulation immediately 
occurs. Add the same electrolytes to portions of the original 
solution of ferric chloride ; no coagulation occurs. 

Next warm a solution of ferric chloride or nitrate and add to it 
in small portions a fraction only of the equivalent quantity of 
ammonia ; a deep red sol is obtained. Here the hydroxide is 
peptised long before it reaches the stage of a visible precipitate. 

Expt. 491 .—Cadmium Sulphide peptised (Eugene Prost, 1887) 

Hydrogen sulphide is passed into a suspension of freshly pre¬ 
cipitated cadmium sulphide in water. The salt soon passes into the 
colloidal state as a clear golden yellow liquid. 

Take 10 c.c. of a solution of o*iM cadmium sulphate ; add 
concentrated ammonia solution until the precipitated cadmium 
hydroxide has dissolved and then pass in clean hydrogen sulphide 
until the cadmium is completely precipitated as sulphide. Wash 
the precipitate several times by decantation, then slowly pass in 
hydrogen sulphide, shaking the flask occasionally. In about five 
minutes the contents of the flask change from a suspension to a 
clear golden liquid. If time is short, when some yellow liquid is 
obtained but peptisation is incomplete, filter off the sohd particles. 
Occasionally some particles are obstinate ; sometimes, however, 
the precipitate is completely peptised during the washing. Show 
that the golden hquid is a sol by coagulating portions with various 
electrolytes, sodium sulphate, alum^ etc. 
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Expt. 492.—Preparation of a Resin Sol; Coagulation; Flocculation 

An alcoholic solution of resin is poured into much water, whereon 
a white sol is obtained. 

This experiment might well be done early; the sol is most easy 
to prepare and is free from objectional odour. Inasmuch as the 
sol is milk-white, and extraordinarily susceptible to a minute 
concentration of acid, its coagulation affords an apt introduction 
of that term. Furthermore, the appearance of the sol and the 
coagulation by acid are akin to the appearance of milk and its 
curdling by lactic acid. Hence the sameness of the phenomena is 
well brought out. 

Dissolve about i gm. of ordinary resin (rosin) in about 20 c.c. of 
alcohol—industrial methylated spirit—and pour this colourless 
solution into 500 c.c. of distilled water. A milk-like resin sol is 
obtained which should be poured through an ordinary filter to show 
its colloidal condition. Retain 100 c.c. of the filtered sol as a 
standard of comparison. To 200 c.c. of the sol add one drop of 
concentrated hydrochloric acid ; flocculation immediately occurs 
and curds separate, leaving a water-white liquid. To the other 
200 c.c. of the sol add one drop only of dilute acid, sayo-iA-HCl ; 
in 20-30 minutes flocculation is observed, indicating the minute 
concentration of an electrolyte requisite to bring about the 
change. 

To a class sufficiently advanced call attention to the use made of 
the phenomenon of coagulation in the well-known ‘ salting out * 
process. In the preparation of an oil such as aniline, the product 
after steam distillation consists of aniline and water. The aqueous 
phase consists of a solution and colloidal suspension (emulsion) of 
aniline. The addition of salt to this liquid not only precipitates 
some of the aniline which is in true solution, but flocculates the oil 
in colloidal dispersion. 


Gel Formation 

Gel formation can easily be shown by alternately warming and 
cooling a 5 per cent, solution of gelatin. 

Silica Gel. —^The best-known gels of inorganic chemistry are 
probably those of silicic acid. According to van Bemmelen, it is 
possible to obtain a silica gel containing 300 molecules of water to 
I of SiOg. 
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Preparation of a Silica Gel. C. B. Hurd, 1937 

Water-glass, suitably diluted, is neutralised with acid. Experi¬ 
ence has shown that the simplest way of finding the strength of 
the commercial article, in order to dilute to a favourable concentra-, 
tion, is to titrate it against a standard acid. For owing to the 
weakness of silicic acid a solution of sodium silicate acts towards 
strong acids as though it were an equivalent of caustic soda. 
Weigh a short glass rod, on it work a mass of water-glass, transfer 
to a weighed beaker and proceed to find the weight of the water- 
glass. Dissolve the water-glass in several times its volume of hot 
water and titrate the cooled liquid with i*oiV-HCl. Commercial 
water-glass is usually 3-4 N. The time of setting and the appear¬ 
ance of the gel vary with the temperature and with the concentration 
of the reactants—one of which is, of course, the hydrogen ion. A 
water-glass solution i*oY neutralised with 2A-HCI sets in a few 
minutes to rather cloudy gel. A solution i-i‘25A’ neutralised 
with 2 N acetic acid requires i 2 hours to set. A solution 075 N 
neutralised with i-o 7 V acetic acid takes about a day to set but 
affords a transparent gel. 

Expt. 493 . —Crystallisation in a Silica Gel (E. Hatschek, 1912). 

H. N. Holmes, 1918 

A solution of potassium iodide is allowed to diffuse into a silica 
gel impregnated with lead acetate. Beautiful golden crystals of 
lead iodide separate in rhythmic layers. 

A boiling tube or other suitable vessel is about half-filled with 
silica gel, made as above, and used without any purification by 
dialysis. Prepare such a gel by pouring the requisite amount of 
water-glass solution into slightly more than the equivalent amount 
of I'oiV acetic acid to which has been added 2 c.c. of M lead acetate 
for every 100 c.c. of acid. When the gel has set firmly, cover it with 
2Y-KI solution. A compact layer of lead iodide quickly forms on 
the surface, but subsequently crystallisation occurs beneath the 
surface of the gel. After the action has gone on for some days, the 
tube contains rings of golden crystals. 

Prepare in a beaker a gel containing 4 gm. of gelatin and o*i2 gm. 
of potassium dichromate in 120 c.c. of water. When firm, cut out 
a compact lump of the gel and place it in a sufficient volume of 
silver nitrate solution (8-5 gm. AgNOa 100 c.c. of water) to sub¬ 
merge it completely. Keep the solution in a cool place for a 
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few days—in summer in an ice-box. Rinse the lump of gel and cut 
a slice through the middle. Rhythmic bands of silver dichromate 
are seen (Liescgang rings). Compare this with a banded agate, 
which is a naturally occurring hardened silica gel. 

Diffusion in Jellies (Distinction between true and colloidal 
solutions).—The separation of a colloid from a crystalloid by dialysis 
is too slow for a lecture experiment. The ability of a crystalloid 
and the inability of a colloid to diffuse into a jelly may be shown, 
however, in a spectacular and convincing way. 

Expt. 494 (a).—Method of Wolfgang Ostwald, 1915 

Prepare a quantity of 5 per cent, gelatin solution and pour the 
warm liquid int^^ several pairs of test-tubes or boiling tubes until 
each tube is half-full. These gels should be prepared before the 
lesson. In the first pair fill up one tube with arsenic sulphide sol 
and the other with a solution of crystalloid potassium chromate of 
a strength to match as nearly as possible the tint of the arsenic sol. 
Allow the tubes to stand under observation for a day or two. In 
a quarter of an hour the potassium chromate will have penetrated 
the gelatin to a measurable distance ; in twenty-four hours a 
splendid diffusion effect extending from i to 2 inches into the 
gel is observed, and after two or three days the gel is of a 
perfectly homogeneous colour. Meanwhile, the colloidal arsenic 
solution has scarcely stained the surface of the jelly on which it 
rests. 

In another pair of tubes use a solution of cuprammonium sulphate 
as the crystalloid and one of ferric ferrocyanide as the colloid. The 
copper solution is made by adding strong ammonia to a strong 
solution of copper sulphate until the precipitate has just dissolved. 
This solution should be subsequently diluted to match as nearly 
as possible the ferrocyanide sol. 

The ferric ferrocyanide sol is prepared by mixing, in equivalent 
proportions, dilute solutions of potassium ferrocyanide and ferric 
chloride. Weigh out 1-055 gni- of potassium ferrocyanide (K4Fe(CN)g* 
3H2O; M.W. =422); dissolve it in 250 c.c. of water, thus making 
a solution of o-oiM ; add to it 250 c.c. of an equivalent solution of 
ferric chloride free from acid. 

(In my experience it is not advisable to use a weighed quantity of 
ferric chloride for the preparation of this solution as is recommended 
by the authorities. Ferric chloride as usually purchased is a 
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deliquescent mass of indefinite hydration ; consequently, the actual 
content of ferric chloride is doubtful and the sol when made is 
almost certain to contain an excess of one electrolyte. This excess 
diffuses into the jelly in the actual experiment, not in quantity 
sufficient to spoil the experiment, but enough to reveal the experi¬ 
menter’s lack of control over his quantities. The direct titration 
of a ferric salt with sodium thiosulphate is now a simple operation, 
and it is my practice to prepare a strong stock solutioti of ferric 
chloride, standardise it, and take the requisite quantity of this 
solution suitably diluted for these experiments.) 

A moderately stable blue sol forms. It is advisable to show 
that a portion runs unchanged through a filter while another 
portion is readily flocculated when warmed with dilute acid. 

Expt. 495 (b).—Method of A. A. Noyes, 1905 

Some thick sticks of agar-agar jelly are prepared before the 
lesson. Agar-agar and not gelatin must be used in these experi¬ 
ments because agar does not stick to glass while gelatin adheres 
most tenaciously. Agar-agar (nowadays often called just agar) is 
an extract, bleached and purified, of certain red algae found in 
Eastern seas. Its preparation is an industry of China and Japan ; 
it is also obtained from Singapore and is sometimes called ' Bengal 
isinglass.’ The best varieties of agar are made from Gelidium 
corneum and certain varieties of Gracilaria. The agar powder 
should be soaked in water for twenty-four hours ; it then swells 
prodigiously. Solution is obtained on boiling. Beware of bumping ; 
it is advisable to use an enamel vessel. Any attempt to dissolve 
the dry powder in hot water without previous soaking is futile ; a 
lumpy mass results which will not form a sol. Prepare a quantity 
of a 4 per cent, solution and mould some sticks by pouring the 
warm liquid into an open tube corked at one end. If the sticks are 
1-2 inches in diameter they will keep their upright position when 
placed in a gas jar. As a mould the writer uses a discarded loo-c.c. 
measuring cylinder which has lost its base ; it makes sticks of a 
most convenient size. When the solution has set the jelly is most 
easily pushed out. Half-fill one gas jar with a sol of ferric ferro- 
cyanide prepared as before and a second jar with the electrolyte 
cuprammonium sulphate ; stand one of the jelly sticks in each. 
After a day remove the sticks and cut a section. The electrolyte 
has diffused into the jelly and the section is entirely blue and 
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homogeneous in appearance while the jelly in the ferric ferrocyanide 
sol is unchanged. 

For another pair of solutions use Congo-red in water as the colloid 
and 0'0iM-Fe(CNS)3 as th6 electrolyte. The solution of ferric 
thiocyanate is made by mixing equal volumes of 0'03M-KCNS and 
O'OiM-FeClg and adding 2-3 c.c. of concentrated hydrochloric acid 
to prevent hydrolysis. These two solutions make an excellent 
colour match. 

Expt. 496 (c).—Method of G. H. Locket, 1933 

Fill a 2|-inch length of |-inch tubing with 5 per cent, gelatin 
in which some potassium iodide has been dissolved. Remove a 
little of the gelatin from each end of the tube and replace it at one 
end by a solution of iodine in potassium iodide ; keep it in place 
with a cork. In a similar way place starch solution at the other 
end. The iodine diffuses into tne jelly but not the starch, for at the 
end of a day or two the dark ring of ' starch iodide ' is only a few 
mm. from the starch solution. 

Adsorption 

Matter in the colloidal state, with its extensive surface area, 
exhibits adsorption to a high degree. To introduce adsorption in 
a telling way, and at the same time to indicate its widespread 
occurrence, adsorption by glass and charcoal are taken first. 

Expt. 497 .— Glass an Adsorbent. H. G. Tanner, 1923 

The inside of a glass vessel is thoroughly wetted with a water- 
soluble dye. The flask is washed several times with water, which 
fails to remove the dye. Tanner, who introduced this experiment, 
used malachite green oxalate, but other dyes will serve; methyl 
violet works excellently (see the next experiment). 

Take a small amount, say 0*02 gm., of methyl violet and dissolve 
it in a little warm water in a 500-c.c. flask. Rotate the flask so 
that the whole of the inside is wetted by the solution. If any specks 
of solid dye, hidden by the deep colour of the liquid, remain un¬ 
dissolved, they will adhere to the flask and spoil the experiment; 
swill them off and heat the liquid until they disappear. Cool 
the flask and pour off the solution.' Rinse the flask with water 
two or three times or until the rinsings are colourless ; the glass 
still retains a violet sheen which water seems unable to remove. 
(Actually a small fraction, depending on the adsorption equilibrium. 
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is removed each time.) Now rinse the flask with 20 c.c. of alcohol 
or glacial acetic acid ; a deep violet solution is obtained. The 
adsorption coefficient, which expresses the distribution of the dye 
between the solvent and the glass, has a far different value for 
alcohol than for water. 

Expt. 498.—Adsorption by Charcoal and Fuller’s Earth. E. 

Hatschek, 1925 

It is needless to say that charcoal is not a colloid, but with its 
honeycombed structure and large surface area it closely resembles 
a dried gel; being a distinct and tangible phase it serves well to 
introduce the idea of adsorption. 

Prepare a stock solution of methyl violet ; about 0*3 gm. of the 
d}^" in 500 c.c. of water yields a solution of suitable strength. Dilute 
5 c.c. of this solution to 100 c.c. with water and place 30-50 c.c. of 
this diluted solution in a loo-c.c. stoppered cylinder ; reserve the 
remainder for comparison. (If this dye is not available, a sufficient 
quantity can easily be obtained as follows : The pigment of indelible 
pencils, typing ribbons, and carbon papers (violet-tinted) is usually 
methyl violet ; treat the crushed lead or discarded ribbon with a 
little warm water, then filter, and dilute the extract until it is about 
the tint of ()*oiN-KMn04.) 

Add a heaped tc‘aspoonful of crushed wood charcoal to the solu¬ 
tion and shake for a few minutes. For experiments on adsorption 
the authorities recommend activated charcoal; this may be desir¬ 
able for high-grade quantitative work, but it is quite unnecessary 
for qualitative demonstrations. The writer avoids the use of 
bone-black and powdered animal charcoal; they take a long time 
to settle, and mask the colour of the reagents, thus necessitating 
filtration. Animal charcoal, however (sold in the form of small 
hard kernels somewhat smaller than rice), works e.xcellently, and 
when once the powdery portion has been washed out with water 
the hard kernels settle immediately, and no filtering is required. 
Failing animal charcoal, ordinary wood charcoal as purchased from 
the oil shops works well ; it is inexpensive and can be used in 
quantity. Before use it should be crushed into pieces about the 
size of rice grains. 

After shaking with the dye and filtering, or allowing the carbon 
to settle, the liquid is seen to be colourless, or nearly so; if coloured, 
compare its tint with that of the original solution. Wash the 
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charcoal with water by decantation ; after the second washing the 
wash water is apparently colourless. Now treat the carbon with 
10-15 c.c. of alcohol (industrial methylated spirit) ; a deep violet 
solution is obtained. Save the cylinder and contents for the 
experiment below on washing precipitates. 

This experiment may be repeated, using instead of charcoal a 
teaspoonful of fuller's earth. As a variation allow part of the 
treated liquid to stand ; the earth quickly settles and is seen to be 
tinted violet, while the supernatant liquid is colourless or nearly so. 

The above experiment recalls the cleansing of organic liquids by 
boiling them with animal charcoal. High-quahty charcoal—the 
so-called activated charcoal—will adsorb strychnine, brucine, and 
other poisons. Its medicinal use, in the form of charcoal biscuits, 
as a remedy in gastric and intestinal affections is well known ; its 
efficacy depends on the ability of the charcoal to adsorb gases and 
poisons from the system. 

Expt. 499 .—Exchange Adsorption. E. Hatschek, 1925 

Methyl violet, adsorbed on charcoal, is placed in an aqueous 
suspension of saponin. Charcoal adsorbs saponin more strongly 
than it adsorbs methyl violet. The equilibrium is therefore dis¬ 
turbed ; methyl violet goes into solution while saponin adheres to 
the charcoal. 

Repeat the experiment of adsorbing methyl violet with charcoal 
and, as before, wash the charcoal with water. Now add to the 
charcoal about 10-15 c.c. of a 0*5 per cent, solution of saponin and 
for a minute agitate gently (or a strong lather will form). The liquid 
will now be coloured violet. 

In the earher experiment the appearance of the dye when the 
charcoal complex was treated with alcohol was due to the adsorption 
equilibrium of carbon and water being different from that of carbon 
and alcohol. The saponin, however, is not in true solution but in 
colloidal suspension, so that the adsorption coefficient of charcoal 
to water remains unchanged. Adsorption is selective, the charcoal 
more strongly adsorbs the saponin, and consequently the dye is 
displaced. 

The principle here illustrated of exchange adsorption is a general 
one, and is the basis of the zeolite water-softening process. When 
present in equivalent concentrations calcium ions are taken up 
by the zeolite in preference to sodium ions. Again, in the soil. 
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potassium ions are adsorbed by clay ; the addition of lime liberates 
the potassium, thus rendering it more available for plants. 

Expt. 500.—Adsorption of Potassium by Garden Soil (A. Voelcker, 
1871). Muli^er, 1880. (The experiment in this form was 
communicated to me by Dr F. W. Brewer.) 

A weak solution of sodium and potassium chloride slowly perco¬ 
lates through a long column of garden soil. The original solution, 
when tested with sodium cobaltinitrite, gives an immediate reaction 
for potassium ; the test on the soil-filtered solution is abortive. 

Draw out one end of a long tube, 20-30 by i-ij inches, to the 
diameter of quill tubing. With a clayey soil a much shorter 
column of earth suffices. Plug the constricted end with asbestos 
wool and broken glass and almost fill the tube with ordinary garden 
soil. Clamp the tube in an upright position and place a dropping 
funnel in the wide (the upper) end. Charge the dropping funnel 
with a solution of o*oiM-KCl and O'OiM-NaCl— i.e. 074 gm. KCl 
plus 0*58 gm. NaCl in a litre of solution. 

Adjust the tap of the funnel so that about i drop falls per second. 
It is advisable to begin the experiment in one lesson and test the 
original and filtered liquids in the next. Test a portion of the 
original liquid with sodium cobaltinitrite (for preparation, see 
P- 55 ^) 3,nd show the presence of potassium. Treat a portion of the 
soil-filtered liquid with the same reagent; no precipitate appears. 

Expt, 501.—Adsorption in Analysis : washing a Precipitate. F. 

This experiment should not be omitted where gravimetric analysis 
forms part of the practical course. It docs much to elucidate a 
difficult point of analysis—namely, why a precipitate wetted with 
a highly soluble reagent requires so much washing. 

A precipitate lying in its pieparation liquor constitutes a hetero¬ 
geneous system perfectly parallel to that formed by carbon in 
contact with a solution of methyl violet. The precipitate, in its 
passage from the individual molecules to the final granular or 
crystalline form, passes through the colloidal state and consequently 
adsorbs soluble matter from the solution. A precipitate of barium 
sulphate which has adsorbed, say, 0*2 gm. of ammonium chloride 
cannot be washed clean with 0*4 c.c. of hot water—the volume of 
hot water required to dissolve 0*2 gm. of ammonium chloride—or 
even with ten times this volume of water, though the latter be 
added in small successive portions. The time required to wash 
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out the easily soluble ‘ hypo * from a photographic film should also 
be mentioned. The chemistry of the process is made clear from 
the following experiments :— 

Produce the cylinder containing charcoal and the alcoholic solu¬ 
tion of methyl violet, reserved from the earlier experiment. The 
alcohol should have been in contact with the charcoal complex 
for 5-10 minutes in order to reach equilibrium : a longer time is not 
detrimental. To a similar volume of alcohol in a second cylinder 
add a pinch, say o-i gm., of solid methyl violet ; a deeply tinted 
solution is produced, showing that the alcohol in equilibrium with 
the charcoal complex is by no means saturated. Decant the 
alcoholic extract fi om the charcoal, drain as thoroughly as possible, 
and save the liquid for comparison. Now treat the charcoal with 
a fresh 10-15 c.c. of alcohol: on shaking for a few minutes a violet 
solution is obtained whose tint is nearly as deep as that of the 
first extract. This extraction may be repeated three or four times 
before an almost colourless solution is obtained. It is obvious 
that in the washing some factor other than the solvent action of the 
liquid comes into play. One can imagine the dye as being subject 
to two forces—the adsorlhng action of the charcoal and the solvent 
action of the liquid ; an equilibrium is reached provided sufficient 
time is allowed to elapse. 

Expt. 501 may be supplemented by the following, which reveals 
the adsorbent power of freshly precipitated barium sulphate. 

Expt. 502.—Adsorption by Precipitated Barium Sulphate. H. N, 

Holmes, 1922 

To a definite volume, say 50 c.c., of 0'iA"-KMn04 in a loo-c.c. 
stoppered cylinder, add a few c.c. of dilute caustic potash and then 
a small quantity of a solution of alkali sulphate, followed by barium 
chloride. Shake for a minute, then allow the precipitate to settle. 
Repeat the experiment in a second cylinder, using exactly the same 
quantities. When the precipitate in the first cylinder has nearly 
settled—which may take 10 minutes or more—drain off the pink 
liquid and shake the precipitate with water; once more allow it to 
settle and, if time allows, again shake with water ; a pink solid 
phase and a colourless liquid are then obtained. So tenaciously is 
the permanganate held that the barium sulphate may be left 
indefinitely in the liquid without losing its pink colour. 

Meanwhile, to the second cylinder add a quantity more than the 
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equivalent of the permanganate of hydrogen peroxide acidified 
with sulphuric acid. The colour of the permanganate in the liquid 
is immediately discharged, but the precipitate remains pink. Pour 
a small volume of permanganate gently into the cylinder ; the 
pink colour is discharged, showing that the precipitate is really in 
contact with an excess of hydrogen peroxide and yet the adsorbed 
permanganate is not affected. 

Note on Adsorption Reagents.—The application of adsorption to 
both qualitative and quantitative analyses is proceeding at a great 
pace. The methods devised are rapid, reliable, and delicate, and 
probably will soon replace older methods. ITccipitated metallic 
hydroxides remain long in the gelatinous state before passing to 
the final granular form, and therefore exhibit adsorption to a 
high degree. Adsorption is selective; it is therefore possible 
to find for each metal a dye which will function as a specific 
reagent. 

Expt. 503.—Adsorption by Aluminium Hydroxide 

(a) Congo Red adsorbed 

Completely precipitate the hydroxide from 6 gm. of alum and 
well wash the product with water. To obtain the precipitate in a 
desirable form add the aluminium to the annnonia solution, not the 
ammonia to the aluminium solution. In a large flask place 200-300 
c.c. of water and add an amount of Congo red of the size of two rice 
grains. Warm and swirl the flask so as to display the red liquid. 
Now add the aluminium hydroxide and bring the contents to 
the boil. Sustain the temperature for two or three minutes 
and then filter the liquid. The filtrate runs through perfectly 
colourless, while the dye and aluminium hydroxide form a red 
jelly. 

(b) Alizarin adsorbed. F. W. Atack, 1915 

To a suspension of aluminium hydroxide, precipitated in the 
usual way with ammonium hydroxide, an alcoholic solution of 
alizarin is added. The purple liquid is boiled and allowed to cool; 
a red precipitate falls, insoluble in dilute acetic acid. 

Use a o-i per cent, solution of alizarin S (Sodium alizarin 
sulphonate) in alcohol. The solution is pale yellow. Make a solu¬ 
tion of alum alkaline with ammonia. Add one-fifth of its volume of 
alizarin solution; the alizarin turns purple. Boil for a few minutes, 
then allow the precipitate to settle. 
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Expt. 504.—Selective Adsorption: A Reagent for Magnesium 

(SuiTzu and Okuma, 1926). F. 

The purple dye />-nitrobenzeneazoresorcinol forms a blue lake 
with magnesium hydroxide, but not with any other hydroxide of 
the calcium or sodium groups. This singular formation of the blue 
lake therefore not only affords a welcome and distinctive test for 
magnesium, but also exemplifies the selectiveness of adsorption. 

The dye may be purchased, but is quite easily made ; for a recipe 
see p. 551. Use a o*i per cent, solution of the dye in i per cent, 
caustic soda. 

In a series of flasks place severally solutions of salts of calcium, 
barium, strontium, magnesium, sodium, and potassium. Add 
caustic soda to each solution to form the hydroxides. To each 
flask add a drop or two only of the above reagent. The magnesium 
hydroxide adsorbs the purple dye and forms a deep blue lake. The 
dye remains unchanged in the presence of the other hydroxides. 
This reaction affords an exceedingly delicate test for magnesium, 
and will easily disclose its presence in sea-water without previous 
concentration, and in a solution of bone ash without previous 
removal of the calcium. 

Expt. 505.—Selective Adsorption: Adsorption Indicators. K. 

Fajans and 0 . Hassel, 1923 

The selective activity of adsorption is being more and more 
utilised in volumetric analysis to indicate the end point of a quanti¬ 
tative precipitation. An adsorption indicator of extraordinary 
delicacy and beauty is dichlorfiuorescein, introduced by I. Kolthoff 
in 1929. 

Silver bromide freshly precipitated in the presence of an adsorp¬ 
tion indicator, such as eosin or dichlorfiuorescein, and excess silver 
ions adsorbs the silver salt of the dye and becomes brilliantly 
coloured. 

Preparation of the Indicator Solution. —Dissolve 0*1 gm. of 
dichlorfiuorescein in 2*5 c.c. of o*iN-NaOH and dilute to 100 c.c. 
with 60 per cent, alcohol. 

Into each of two large flasks pour 200 c.c. of water and ten drops 
of the above indicator solution. The liquids have now a beautiful 
greenish-yellow fluorescence. Into the first flask run 10 c.c. of 
O'lAT-AgNOa: no precipitate or change of colour occurs, silver 
dichlorfluorescein is soluble. Now add one drop of 0'2N-KBr. 
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A faint opalescence appears and the liquid takes on a distinct 
pinkish tinge. Add a second drop, the liquid is now coloured pink 
and very little green is seen; on adding a third drop the liquid turns 
deep pink in tint. One drop fading into 200 c.c. of liquid becomes 
diluted about 4000 times. It is obvious therefore that the pink 
colour can be seen in a solution o*oooo5iV. Continue to run in the • 
bromide solution until an excess of one drop is present; the original 
green colour of the indicator is restored. 

Into the second flask run in 5 c.c. of o-2N-KBr or an equivalent 
amount of another strength: the indicator remains unchanged. 
Now gradually add 10 c.c. of o-iA'-AgNOg. The silver bromide 
formed in this dilute solution docs not readily settle, but appears 
as a colloidal suspension making the contents of the flask milk-white 
and opaque. Continue to add the silver until one drop is present 
in excess: the contents of the flask are now coloured pink. 

If the experiment is now repeated in a stoppered cylinder it is 
easy to see that it is the precipitate that undergoes the colour 
change and not the solution. 

Expt. 506 .—An Indicator adsorbed. F. 

In burettes have ready standard solutions about o-i or 0^2 N- 
NaCl and o-iA-AgNOg, and find their equivalent volumes before¬ 
hand. To get the best effect it is necessary to work quickly, 
since a silver halide soon passes from the colloidal state and is 
adversely affected by light. Place 20 c.c. of the salt solution in 
the cylinder and have ready the equivalent volume of silver nitrate 
in a small flask. Add a few drops of the dichlorfluorescein solution 
to the cylinder and then pour in the silver solution from the flask 
as rapidly as possible ; not quite the equivalent amount of silver 
has been added, because some is left wetting the flask. Finish off 
the action by adding drops from the burette until the liquid suddenly 
appears to turn rose-pink. Shake the precipitate until it curdles; 
it rapidly settles, forming a layer of pink-coloured solid with a 
faintly yellow supernatant liquid. The pink froth which appears 
is probably due to the colloidal particles going into the interface 
and stabilising the foam formed by the shaking. Without unneces¬ 
sary delay— t,e. as soon as the phenomena have been noted— 
add one drop of the salt solution and shake up the contents of the 
cylinder ; the precipitate immediately turns white and the liquid 
simultaneously regains its rich yellow-green fluorescence. These 
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reversible changes may be shown several times before the precipitate 
loses its activity. ^ 

Expt. 507.—The Swelling of Colloids : Turgescence. F. 

The ability of colloids of the gelatin class to imbibe a solvent in 
which they are immersed and to swell considerably, and the converse 
changes are of tremendous importance in biology. 

Weigh a piece of sheet gelatin—say i inch square—immerse it in 
a beaker of water and observe its appearance over a few days. When 
the swelling process seems to have ceased, remove tlie swollen 
gelatin, dry it with blotting-paper, and find the increase in weiglU. 
Let it stand in the air for a few days until the shrinking seems to 
have ceased ; on weighing again, approximately the original weight 
is found. The agreement will not be exact unless the gelatin was 
free from water-soluble substances, the humidity of the air the 
same on both occasions, and the gel allowed to swell or shrink in 
air until equilibrium was reached. The prevalence of turgescence 
may be tellingly shown by carrying out the same experiment 
with a piece of air-dried seaweed— e.g. a portion of a frond of a 
laminaria. 

In a loo-c.c. measuring cylinder place powdered agar and press 
it well down with a rammer, made by a cork fixed on the end of a 
rod, until the layer occupies a definite volume, say 5 c.c. Now 
pour in water (using 15 times the volume of the agar) and keep the 
system under observation. Swelling soon begins and subsequently 
the agar occupies 8-10 times its original volume. 

From a sheet of crepe rubber cut pieces of a definite shape, say 
half-inch squares. Place these pieces severally in corked flasks, 
sufficiently large to allow the rubber to swell without distortion 
of shape, containing such rubber solvents as benzene, toluene, 
carbon tetrachloride, westron, westersol, etc. In a few hours the 
rubber has swollen enormously, but the pieces retain their shape 
for a long while, the little squares becoming big squares. After a 
time the rubber forms a gel with the solvent. 

The experiments can be supplemented by plenty of homely 
examples from the preparation and cooking of food. 

Expt. gp. 508.—Emulsions and Foams 

The peptisation of a liquid is generally known under the familiar 
name of emulsification. Shake 5 c.c. of oil (olive, castor, or almond 
oil will do) in a stoppered cylinder with 50-70 c.c. of water; the 
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oil is broken into minute droplets and disseminated through the 
water. For a moment a homogeneous liquid is seen, a colloidal 
solution of oil, or an emulsion. Such an emulsion, however, has 
little stability, for on standing a few minutes most of the oil separates 
out and again forms a distinct layer. 

Repeat the experiment, using instead of water an aqueous 
solution of soap (0*25-1 per cent.). On shaking and allowing the 
foam to settle, it is seen that the oil has formed with the solution 
a stable homogeneous mixture: the oil has peptised or emulsified. 
In cleansing operations, oil and greasy matter are removed from a 
surface by rubbing, emulsified as above, and easily carried away 
by water. 

The formation of a stable emulsion, the basis of the detergent 
action, is believed to be due to adsorption. The shaking breaks the 
oil into droplets; consequently the surface of the oil, which is 
likewise the surface of the soap solution, is enormously increased. 
Now a colloid like soap, which lowers the surface tension of water, 
increases its concentration in the surface layers. As a result, each 
droplet of oil is surrounded by a film of soap. 

Shake a soap solution ; a foam rises to the surface as a lather, or 
froth. A foam is therefore a colloidal phenomenon, being a dis¬ 
persion of minute bubbles of gas in a medium such as water. It is 
believed that a pure liquid cannot foam, but that a solute must be 
present which has a concentration in the surface layer different from 
that in the interior of the liquid. Any solute lowering the surface 
tension of a liquid will produce this effect. Soaps, albumins, 
proteins, and saponins are highly effective in lowering the surface 
tension of water; at the same time they increase the surface vis¬ 
cosity which gives the foam its stability. 

In a stoppered flask or cylinder shake up an aqueous solution of 
saponin (0*5-1 per cent.); an enormous volume of lather is produced, 
which remains for hours. 

Saponin is the collective name for nitrogen-free toxic glucosides 
contained in sarsaparilla, quillia, etc. In England the common 
soap wort and horse chestnut are the best-known sources. It is 
stated that a 2 per cent, solution of saponin has a surface viscosity 
600 times that of the mass of the liquid. Saponin is inexpensive ; 
but if a supply is not at hand, grind up a horse chestnut and extract 
the powder with water. Filter the liquid and shake it; the lather 
formed is stable for hours. Analysts report that a little saponin 

30 
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is introduced into some brands of cheap ginger-beer in order to 
produce a frothy head. 

Expt. 509. — The Detergent Action of Soap. W. Spring, 1909 

Finely divided manganese dioxide, or rouge, to simulate dirt, is 
shaken in one vessel with water and in another with soap solution, 
and the liquids filtered. The filter separates the water from the 
dirt, but the soap carries the dirt through the filter. 

Place 50 c.c. of water in a loo-c.c. stoppered cylinder and 50 c.c. 
of aqueous soap solution (0*25-1 per cent.) in a second cylinder. 
The soap solution is most easily made by placing the requisite 
amount of the article commercially known as ' green ' soft soap 
in warm water. Solution is obtained in a few seconds. 

To each cylinder add a pinch of rouge or lamp-black and shake 
the liquids. These materials should be tested beforehand and the 
more suitable one chosen ; if the material is too coarse the experi¬ 
ment is unsatisfactory. The powder in the first cylinder eventually 
settles, leaving a perfectly clear liquid. While waiting for it to 
settle pour some of it through a filter ; the liquid comes through 
clear and colourless. Here again the experiment should be tried 
beforehand and a good-quality quick-action filter-paper selected; 
ordinary filter-paper will probably allow some of the rouge or lamp¬ 
black to pass through. 

The liquid in the second cylinder is a black or red suspension, and 
will remain so. Pour some through a filter, using paper of the 
quality which has been found to retain the rouge ; the red liquid 
runs through unchanged. As a variation the soap solution may be 
poured into the filter cone containing the rouge from the filtering 
of the aqueous suspension ; a red liquid passes through. This 
illustration of the detergent action of soap is modified from the 
original experiment of Spring. There is more than one explanation 
of the phenomenon. Holmes believes that the particles of material 
too large to pass through the paper are loosely aggregated, and that 
the soap breaks these up into smaller particles ; then, owing to the 
increase of the interface, as explained above, each particle, by 
becoming coated with a viscous film of soap, is kept in suspension 
and so is easily carried off. 

Add dilute acid to the suspension of rouge, or a solution of alum 
or calcium chloride, indeed anything which will precipitate the 
stearate radical; the soap is decomposed and the rouge settles. 
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CATALYSIS 

The first example of catalysis appears early in an elementary 
course of chemistry, thenceforward examples appear intermittently. 
Despite the importance of the subject no comprehensive theory of 
catalysis can be given, owing to the existence of different kinds of 
catalytic activity. Nevertheless, when summing up and rounding 
off the subject, pupils can be made aware of a few distinct kinds of 
catalytic activity. The theory of the mechanism of these several 
varieties can be giv^en where the theory advanced can be supported 
by experimental evidence. As always, with junior pupils it is 
better to avoid dogmatic statements and controversial points ; 
with senior pupils the facts should be emphasised and the theories 
surrounded with an atmosphere of doubt. 

Possibly each variety of catalytic activity works by a different 
mechanism. That type of catalysis working through the formation 
and decomposition of intermediate compounds is the most easy of 
explanation. The most instructive example known to me is the 
catalytic oxidation of sulphurous acid, Expt. 271, and this experi¬ 
ment should be repeated when the work on catalysis is gathered 
together. 

Expt. 510 .— Catalysis due to Electrol 3 d;ic Action. H. E. Armstrong, 
1885 

The interaction of zinc and dilute acid is expedited by placing 
another metal in contact with the zinc. 

Take a rod 9-12 inches long of pure zinc, or cut a long narrow 
strip of zinc foil. (Select the purest specimen available—the selection 
is easily made by immersing the specimen in dilute sulphuric acid ; 
the purer the metal the slower it dissolves.) Clean the rod and 
break it into two parts. Wind a length of platinum wire tightly 
round one rod. Immerse the rods in a cylinder of dilute sulphuric 
acid: 2-4 V. If the zinc is pure it remains unaffected by the acid. 
The platinum-wound rod promotes a brisk evolution of hydrogen. 
Here a difference of potential is set up and the action is reversed 
electrolysis. 

Immerse a rod of pure zinc in a beaker of dilute sulphuric acid. 
Little or no action takes place. Now add a few c.c. of a solution 
of copper sulphate, or platinic chloride, or arsenious oxide. A 
vigorous evolution of hydrogen ensues. 
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Expt. 511.—Catalysis due to Moisture 

Moderately dry hydrogen sulpliide and sulphur dioxide are 
mixed. No change occurs. At the end of 10-20 minutes water 
is added to the mixture: interaction takes place forthwith. 

Fill one gas jar with hydrogen sulphide dried by passage over 
calcium chloride and a second with sulphur dioxide dried by 
passage through sulphuric acid. Place one jar upon the other 
and remove the cover plates. The experiment should be begun 
at the beginning of a lesson, for no perceptible action occurs for 
20-30 minutes. However, at the end of 10-15 niinutes quickly 
insert a roll of damp blotting-paper in the mixture. The paper 
immediately, and soon after the walls of the jars, become coated with 
precipitated sulphur. 

Expt. 512.—Catalysis by Moisture: the Interaction of Aluminium 
and Iodine. F. Bodroux. 1902 

To a mixture of powdered aluminium and iodine a drop of water 
is added; violent action takes place accompanied by deflagration 
and the evolution of a great volume of fumes. The iodine will work 
if taken straight from the stock bottle, but it is far more effective 
if dry and in fine powder. A day or so before the experiment 
place a few grams of quicklime at the bottom of a dry test-tube. 
Cover the lime with a plug of asbestos. Add powdered iodine to the 
tube and cork it tightly. 

On a piece of asbestos or slate make an intimate mixture of 10-20 
c.c. of powdered aluminium with an equal bulk of dry iodine. 
Make the mixture into a conical heap, hollow at the top, to receive 
the water. Rest the slate on a tripod and transfer the arrangement 
to the fume cupboard. Add one or two drops of water from a 
pipette, and immediately close the fume cupboard. In a few seconds 
a turmoil begins and the mass bursts violently into flame. Fumes 
are evolved in torrents; the flames then disappear and the action 
seems to subside, recalescence then occurs and the aluminium oxide 
produced becomes incandescent. 

A similar reaction occurswith iodine and magnesium or zinc powder. 

Bodroux explains the actions as follows :— 

The water catalyses the formation of aluminium iodide, a reaction 
which evolves much heat. Aluminium iodide, escaping as vapour, 
spontaneously inflames on meeting air. I find that the aluminium 
iodine mixture makes an excellent fuse for thermit reactions. 
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Ezpt. 513.—Autocatalysis. V. H. Veley, 1890 

Copper placed in dilute nitric acid remains comparatively inert 
until sufficient nitrous acid has formed to catalyse the action. 
Copper acts vigorously with dilute nitric acid which has been 
fortified with a little nitrous acid. 

Prepare some dilute nitric acid (i volume of acid {d 1 * 42 ) to i 
volume of water) and divide it into 3 cylinders. 

Place a strip of copper foil in one cylinder. After some time a 
very slight action begins; the action gradually increases, and at 
the end of a few minutes is vigorous and sometimes uncontrollable. 
At this stage for the sake of contrast place a strip of copper in the 
second cylinder. To the third cylinder add a pinch of sodium 
nitrite and when this has dissolved add a strip of copper. Vigorous 
action immediately ensues. On this reaction V. H. Veley based his 
theory of the action of copper on nitric acid. 

Two Catalysts are better than One.—This puzzling but important 
truth has already been demonstrated under hydrogen peroxide 
(Expt. 299 ) ; it may be supported by the catalytic decomposition 
of bleaching-powder. 

Expt. 514.—Two Catalysts are better than One: the Catal 3 rtic De¬ 
composition of Bleaching-Powder (I. G. F. Joubert, 1905 ). F. 

A warm solution of bleaching-powder is treated with copper 
sulphate, whereon oxygen is evolved at a moderate rate. The 
experiment is repeated using an equivalent amount of ferrous 
sulphate ; the evolution of oxygen is less vigorous. In a third 
experiment the two catalysts are mixed—oxygen is briskly evolved. 

Agitate 15-20 gm. of bleaching-powder with loo c.c. of cold 
water for several minutes and filter the solution. Warm the solution 
to 40 - 60 ° C., then almost fill the bulb of a small Florence flask with 
the hot Liquid—by this device very little air is left for the oxygen 
to expel. Add 2-5 c.c. of dilute copper sulphate. An evolution of 
gas occurs which in a minute or two may be tested and shown to be 
oxygen. 

Repeat the experiment in a second flask but add 5 c.c. of 
o-iM-FeS 04 - 7 H 20 . The evolution of gas is feeble, and the splint 
may onjy glow more brightly and not burst into flame. Be content 
with this behaviour because it enhances the importance of the next 
experiment. 

Repeat the experiment in a third flask using 2 c.c. of each catalyst. 
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Oxygen is evolved rapidly and in abundance. If time allows use 
5 c.c. of the copper solution with varying amounts of iron, and note 
the effect. 

For another illustration of the action of two catalysts see J. H. 
Walton, J.C.E,, 1931, 8, 303. 

Deacon's Process: Step-by-Step Method 

Deacon's process might well be taken here ; it may be done in 
steps or in one operation ; both methods are given. 

Preparation of Anhydrous Cupric Chloride.—The salt CuCl2‘2H20 
loses the whole of its water at loo"^ C. and at a higher temperature 
—300-400° C.—undergoes further decomposition, chlorine being 
liberated. 

2CUCI2 == 2CuCl + CI2 

Heat a quantity of the hydrated salt in a basin on a sand-bath, 
stirring with a rod until all the water has gone. Raise the 
temperature to ensure the salt being dry, it does not matter if 
incipient decomposition begins. The anhydrous salt should be 
prepared previous to the lesson on Deacon's process. Store the 
product in a well-stoppered bottle, i gm. of the anhydrous salt 
yields about 90 c.c. of chlorine at room temperature. 

Expt. 515.—Chlorine liberated from Cupric Chloride 

Place 5-6 gm. of the anhydrous salt in a test-tube—which need 
not be of hard glass—add a substantial plug of asbestos wool to 
trap powder which would otherwise be carried over. Insert a cork 
carrying a right-angled delivery tube leading into a dry gas jar. 
Heat the tube to low redness: chlorine is easily and rapidly evolved. 
The decomposition provides a ready and rapid means of obtaining 
an odd jar of chlorine. 

Expt. 516.—Oxidation of Cuprous Chloride to Basic Cupric 
Chloride. F. 

Air may be drawn through a flask containing cuprous chloride in 
suspension, or the suspension may be shaken up in a large flask. 
Oxidation is slow and 20 minutes or more elapse before a green 
colour in the flask is distinctly visible. The oxidation is more 
simply carried out, with no distracting noise from the suction pump, 
by exposing a large surface of cuprous chloride on a sheet of paper. 
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Moisten a sheet of white blotting-paper with a solution of cuprous 
chloride. Since it is desirable to show that the basic salt which forms 
by oxidation is insoluble in water (but soluble in dilute acid), it is 
as well to dissolve the cuprous chloride in a solution of ammonium 
chloride or common salt, rather than in concentrated hydrochloric 
acid. Pour a few c.c. of cuprous chloride solution from the stock 
bottle (see p. 550) into a flask of water, and when the precipitated 
cuprous chloride has settled pour away the supernatant liquid. 
Add a few c.c. of a solution of ammonium chloride or of common 
salt, of strength say 16 gm. of salt in 100 c.c.: the cuprous chloride 
instantly dissolves. Pin the moistened sheet on the blackboard or 
place it in some other position suitable for observation. In 2 
minutes a wide green margin appears around the brown patch ; by 
the end of 10 minutes the paper will have become completely 
green. Reserve the paper until the next occasion. Tear off a 
portion and hold it in a stream of water ; the green product remains 
and is therefore insoluble in water. Let one drop of dilute hydro¬ 
chloric acid fall on another portion of the paper and then wash 
the treated portion. A white patch appears where the acid was 
added. 

Expt. 517 .—Basic Cupric Chloride made in Quantity. F. 

The oxidation of cuprous chloride may be expedited and strikingly 
illustrated by using hydrogen peroxide as the oxidising agent in 
place of air. 

Cuprous chloride is gently warmed with hydrogen peroxide. An 
intermediate compound, copper peroxide, forms and some of the 
hydrogen peroxide suffers catalytic decomposition. Suddenly the 
mass turns green, due to the production of normal and basic cupric 
chlorides. The action may run as follows :— 

2CuCl + 2H2O2 = CuOa + 2H2O -f CuClg 

2CUO2 + 2H2O = 2 Cu(OH )2 + O2 

3 Cu(OH )2 + CiiClg 4 - 4H2O = 3 Cu(OH )2 * CuClg * 4H2O 

In a large flask precipitate a gram or two of cuprous chloride 
(see p. 550), allow it to settle, and drain off the supernatant liquid. 
Pour about 20 c.c. of 10- or 20-volume HgOg into the flask; a black 
precipitate appears and oxygen is briskly evolved. Warm the 
flask gently; soon the black product turns a pale green colour. 
The green solid settles, leaving a blue solution. 
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Expt. 518.—Basic Cupric Chloride converted into the normal Salt 

To the contents of the flask add hydrochloric acid until the 
precipitate dissolves. A solution of cupric chloride is obtained. 
This solution may be evaporated and the solid salt obtained, thus 
completing the cycle of reactions. 


Expt. 519.—Illustration of Deacon’s Process (J. H. Deacon, i868 ) 
Note.—Published methods of illustrating Deacon’s process are 
open to criticism. The usual instructions are to soak pumice in a 



solution of cupric chloride, heat to expel water, and place the 
prepared pumice in a combustion tube. Cold air is then passed 
over the pumice and drawn through a solution of potassium iodide 
without affecting it; next a mixture of air and hydrogen chloride 
passed over the heated pumice causes the appearance of chlorine. 
This procedure makes the necessity for the catalyst far from con¬ 
vincing* for had air been passed over the heated pumice in the first 
place chlorine would have been obtained. 

It is preferable to begin with cuprous chloride, pass hot air over 
it, and show that no chlorine is obtained. 

Precipitate a few grams of cuprous chloride (see p. 550) and 
dissolve it in the minimum quantity of hot concentrated hydro¬ 
chloric acid. Moisten a wad of asbestos wool with this solution. 
Suflicient asbestos to fill loosely inches of a combustion tube is 
ample. Hold the moistened asbestos with tongs and heat it in a 
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Bunsen flame until all fumes of hydrogen chloride are gone and 
cuprous chloride begins to volatilise—as a white smoke. Place the 
asbestos in a 9-inch combustion tube about 2 inches from one 
end. This device allows of litmus-paper being placed in the cool 
space E at the end of the tube. Attach this end to a filter flask 
joined to a suction pump (fig. 138). Heat the tube where the 
asbestos lies with a moderate flame, and draw through it a current 
of air. If more than a little brownish sublimate of cuprous chloride 
appears beyond the asbestos, the flame is too hot : cuprous chloride 
melts at 434° C. and begins to sublime soon afterwards. (The 
temperature used in industry is variously given as 350-450° C.) 
Place a piece of moist litmus-paper in the combustion tube and if 
it becomes bleached change it at intervals and draw air over the 
heated asbestos until the bleaching stops. The tube is now ready ; 
cork it tightly until required in the lesson, when reheat it, insert 
a fresh piece of moistened litmus, draw air over the heated catalyst 
and show that no bleaching occurs. 

Fit a Wurtz flask, 200-300 c.c., with a two-holed cork. Pass a 
long elbow-bend B, for the admission of air, through one hole, and 
a thistle funnel, reaching to the bottom of the flask, through the 
other. Slide a few haricot-bean-size pieces of rock salt into the 
flask. Join the stem of the flask to the open end of the combustion 
tube, then pour a few c.c. of concentrated sulphuric acid down the 
funnel. By this device dry hydrogen chloride mixed with air may 
be drawn through the combustion tube, and a fracture of the tube 
is infrequent. Charge the flask F with a solution of potassium 
iodide. Turn on the suction pump and so draw the mixture of air 
and acid through the heated tube. In one minute from pouring 
on the acid, chlorine is evolved in torrents. The litmus is immedi¬ 
ately bleached, and from the solution of potassium iodide solid 
iodine is soon precipitated. Empty the filter flask, replace it in 
position and slacken the air stream. The colour of chlorine becomes 
perceptible in the flask and its odour pervades the room. 

FLAME, COMBUSTION, AND EXPLOSION 

There are several places in the elementary course where the odd 
items of information on flame and combustion may be gathered up, 
the study pursued and the knowledge consolidated, extended, and 
applied. 



474 


PHYSICAL PRINCIPLES 


The subject may be studied historically, beginning with primitive 
methods of making fire and continuing with the investigation of 
air, the part it plays in combustion, and the theories which from 
time to time have been put forward to explain the phenomena. 

Again the study of flame may be linked with that of phosphorus, 
whose reactions, whether in air or other gas, and even under water, 
are invariably attended with flame, and whose compounds figure so 
prominently in most of our fire-producing materials. 

But if, for the reason suggested (p. 523), a special and more 
thorough study of flame and combustion is desired, it were better 
delayed until carbon monoxide and the simple hydrocarbons have 
been prepared and investigated. In the present section the subject 
has been taken to considerable depth, for there is much knowledge 
of combustion and explosion that will well repay dissemination. 

Expt. gp. 520.—Early Ways of obtaining Fire 

Red-hot sparks are obtained by scratching together two pieces 
of iron pyrites ; or by rubbing a crystal of pyrites on a steel rasp. 

In this and many other experiments on combustion it were 
better to darken the room. A piece of iron pyrites is held firmly 
in the hand and scratched as forcibly as possible with an edge of 
the second piece. Red-hot sparks faU—not in great abundance. 
Some specimens of pyrites act better than others, and when a 
fortunate one has been found it should be reserved for the 
experiment. 

Rub a crystal of pyrites on a steel rasp ; as before red-hot sparks 
fly off. If Expt. 268 has been done, the class will know that iron 
pyrites, heated in the air, is oxidised with the production of flame. 
The phenomenon is not without its significance in coal mining, since 
most coals contain iron pyrites. 

Discuss the repercussions of these experiments—the well-known 
flint and steel, the laborious efforts of our great-grandparents to 
coax the sparks into flame, and the modern lighter. 

The Phenomenon of Flame.—To help the class^to realise that 
flame is gaseous matter raised to the temperature of incandescence, 
recall that all substances, carbon and metal lamp filaments, lime, 
molten iron, made sufficiently hot, glow and emit light. Where 
no gas is produced, as when platinum or lime is made hot/light is 
emitted unaccompanied by flame. I 

The flames of burning substances met with in everyda j life are 
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gases raised to a high temperature by oxidation ; but all flame is 
not caused by reaction with oxygen. Recall Expt. 368, phosphorus 
combining with bromine, and Expt. 164, the action of chlorine on 
ammonia. Nor is air necessary for the production of flame (see 
Expts. 148, 367, 374). 


Reciprocal Combustion 

This phenomenon is commonly shown by burning a jet of air 
inside a lamp chimney filled with coal gas. There are several 
ways of carrying out the experiment and some fascinating exten¬ 
sions of it have been described. For this reason I have added an 
historical note and given as complete a bibliography as I can find. 
Each modification requires practice, for although the conditions of 
success are easy to attain they seem to depend somewhat on the 
size and shape of the lamp glass and the diameter of the inlet tubes. 
I have described three modifications. The composite manipulation 
of Expt. 521 is easy to carry out, while Bailors arrangement of the 
lamp glass in Expt. 523 permits of a repetition of Odling’s striking 
experiment. 

Historical Note.—Although I have attributed the lamp-glass 
experiment to Allen, who.se description is the earliest I can find, the 
demonstration of reciprocal combustion was known and practised 
before his day. Thus C. J. Woodward writing in 1869 states that 
years previously he had seen the experiment demonstrated by his 
tutor, Odling (W. Odling, the well-known professor), who modified 
the procedure by applying his mouth to the air-inlet tube, thus 
causing a stream of breath to burn in hydrogen. Since 1869 a 
number of modifications of the original procedure have appeared. 
Of these the following arc worth noting:— 

Julius Thomsen, the distinguished Danish savant, connected the 
inlet tubes to supplies of oxygen and hydrogen (or chlorine and 
hydrogen) respectively. He was thus able at will to burn hydrogen 
in oxygen or oxygen in hydrogen. 

M. Ballo in 1871 introduced the modified arrangement of the 
apparatus depicted in fig. 142. 

In 1871 V. Wartha showed convincingly that the ' reverse flame ' 
was really that of air or oxygen. He did this as follows: he lit a 
jet of coal gas at the end of a tube of narrow bore (a silica tube is 
suitable) and passed the jet up into the hollow cone of the air flame. 
The jet continued to burn. 
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K. Heumann in 1876 described the apparatus illustrated in 
fig. 141. 

A metal plate closes the top of the cylinder. This plate is pierced 
with a circular opening closed with a valve. The combustion is 
carried out as described in Expt. 521. Heumann extinguished the 
top flame and then lowered a deflagrating spoon containing molten 
strontium chlorate (or the potassium or barium salt) into the flame. 
The escaping oxygen burns with a brilliantly tinted flame. 

C. L. B.—the initials probably hide the identity of Professor 
Charles Bloxam—using an Argand burner and a bottomless beaker, 
describes a neat modification which embodies the principle of Expt. 
522. In 1888 G. Craig replaced the lamp chimney by an inverted 
Wurtz flask with a hole pierced in the base. He claims superiority 
for his apparatus and procedure. 
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Expt. 521 . — Air burnt in Coal Gas. A. H. Allen, 1869 

Convenient dimensions for the lamp cliimney are : height 8--12 
inches, diameter of the bulb 4-5 inches. If the opening is narrow, 
say i~i J inches in diameter, the gas may be burnt directly from the 
top of the glass, as in fig. 142. If the opening is wide, cover it 
with a sheet of asbestos cardboard or a metal plate in which a 
circular hole half an inch in diameter has been cut. Alternatively 
close the glass at the top with a one-holed cork carrying a short 
length of J-inch tubing as in fig. 139’. Close the opening at the 
bottom of the glass as shown in the figures. The wider tube A may 
be made from J-inch brass or glass tubing and it should extend 




Fig. 141. —Reciprocal Combustion. (Heumann.) 


the top of the glass with a sheet of cardboard (or the tube of fig. 139, 
and the opening C of fig. 140, with a finger) and turn the gas fully 
on for about 10 seconds. Bring a light to A and immediately 
uncover the opening C. Turn the gas stream down somewhat. 
The flame at A is drawn up by a stream of air and bums at the end 
of the tube inside the lamp glass. Ignite the gas escaping at C. 
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Have ready a one-holed cork to fit the tube A. Insert the cork 
to modify the air stream, which is usually too large. Arrange 
the opening in the cork, cutting a wider channel or diminishing the 
existing one until the flame at the end of A is about 2 cm. high. The 
experiment may now safely be left as long as desired. To stop the 
combustion close the bottom of A with a finger and turn off the gas. 

Expt. 522 .—Air burnt in Coal Gas. A. F. Holleman, 1901; 

F. G. Benedict, 1901 

I do not know to whom this elegant modification is due, it is 
described in Inorganic Chemistry by A. F. Holleman and in 
Chemical Lecture Experiments by F. G. Benedict. Both of these 
works were published in 1901. But C.L. B.’s modification (1885) 
involves the same principle. 

Remove the lamp glass from its position. Adjust the tubes 
A and B so that they pass the same distance (about 1-2 inches) 
through the cork. The tubes should be fairly close together, say 
^ inch apart. Turn on the gas and light a small flame at B. 
Now replace the chimney: the gas burns quietly, for an abundant 
supply of air enters through A. Now gradually increase the supply 
of gas. The flame at B gets longer and longer and at the same time 
unsteady. At a certain moment the flame leaves B and passes 
over to A, where it steadily burns. Place a light to C : the excess of 
coal gas ignites. 

Expt. 523 .— {a) Oxygen, (b) Breath, burnt in Coal Gas. M. Ballo, 
1871 ; C. J. Woodward, 1869 

{a) Bailors arrangement of the apparatus is shown in fig. 142. 
The gas to fill the lamp chimney enters at A, while the gas 
to be burnt enters through the opening B. Turn the coal gas 
fully on for 10 seconds and then ignite it at the end of the lamp 
chimney. Adjust the flame so that it completely covers the opening 
and leaps i-i| inches high. Draw out one end of a length of glass 
tubing to a fine orifice and join the other end to a cylinder or 
reservoir of oxygen. Turn on the oxygen and pass the end of the 
tube through the flame and into the bulb of the lamp chimney. The 
oxygen ignites in the flame and bums with an harmonious humming 
note. Compressed air from a bellows may be used in place of 
oxygen. When an air stream is used* the orifice of the jet should 
be 3-4 mm. wide. The stream of air must not be too strong, but 
the favourable rate is easily found. 



BREATH BURNT 479 

(h) Arrange the lamp glass, fill it with coal gas and ignite as in (a). 
With an 8-12-inch length of glass or silica tubing blow gently into 
the flame. As soon as the breath ignites pass the tube quickly into 
the bulb of the glass, keeping up the stream of breath. The breath 



Fig. 142. —Breath burnt in Coal Gas. (Odling.) 

burns for several seconds with a pale blue flame. The rate of 
blowing and the height of the coal-gas flame must be found by 
trial. The experiment is spectacular and convinces pupils, better 
than any other modification, of the reality of the ‘ reverse flame/ 

Expt. gp. 524 .—Ignition or Kindling Temperature 

Substances whose reactions with the air are attended with flame 
must be raised to varying temperatures before this vigorous action 
begins. 

Perform or repeat Expt. 373 on the oxidation of finely divided 
phosphorus, and note that, when seen in a darkened room, the 
precipitated phosphorus glows before it inflames. 

Recall that phosphine, Expt. 378, and silicon hydride, Expt. 362, 
spontaneously ignite on meeting air. Here the temperatures of 
ignition are below the temperature of the room. 

Dry a piece of phosphorus and touch it with a warm rod, not 
warmer than can just be held with the hand. Phosphorus ignites 
at 60° C. 

Carbon Disulphide and Ether ignited by a Hot Rod. W. Odling, 
1869 (modified) 

Stuff a tuft of cotton wool loosely in the mouth of a test-tube and 
clamp the tube in an upright position. Have ready, in a corked 
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tube or flask, about i c.c. of carbon disulphide. Heat a glass rod 
in a Bunsen flame to dull redness. Pour the carbon disulphide 
on the cotton wool, turn out the flame, and when the rod has cooled 
just short of dull redness hold it about | inch above the cotton 
wool. The carbon disulphide vapour ignites and burns with a blue 
luminous flame. 

Carry out a second experiment in the same wa}^ using dry 
ether in place of carbon disulphide. A rod heated to dull redness 
fails to ignite the vapour. Now heat the end of the rod until the 
glass begins to soften. The hot rod will now ignite the vapour. 
Try familiar solvents and cleansing liquids, such as petrol, alcohol, 
westersol, and carbon tetrachloride in the same way. 

A flame is necessary to kindle the vapour of alcohol. Boil a few 
c.c. of alcohol in a small flask and ignite the vapour with a burning 
taper. 

Expt. 525 .—Cooling below the Ignition Temperature 

The flame of a candle cooled below the ignition temperature is 
extinguished. 

Make a helix, of thick copper wire, sufficiently large to envelop the 
candle flame without touching it. Place the helix around the flame 
of the candle. The flame is soon extinguished. Now make the 
helix hot, relight the candle, and once again envelop it in the helix. 
The candle remains alight. 

Expt. 526 .—Coal Dust oxidises explosively 

A suspension of coal dust in oxygen is ignited. 

Grind some coal in a mortar to an impalpable powder. Place 
a J-inch layer of the coal dust in a perfectly dry gas jar. Pass 
dry oxygen into the jar until it is full, then close the jar with 
a dry, ungreased cover-glass (so that no dust shall adhere to 
the glass). Shake the jar very vigorously so as to get the dust 
in suspension. Remove the cover and immediately apply a lighted 
taper to the mouth of the jar. The mixture ignites, the vigour 
of the action depending on the quality of the coal and the fine¬ 
ness of the dust. If a suitable coal is not at hand use powdered 
wood charcoal. 

The danger of using an open light in a coal mine free from 
combustible gas is manifest from ‘this experiment, likewise the 
necessity of adequately damping the air before firing. Further¬ 
more, nearly all finely divided metallic and organic substances form 
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mixtures with air which explode when ignited. Unfortunately, 
this danger is not generally recognised, and dust explosions occur 
in factories and warehouses at far too frequent intervals. 

Expt. 527 .—Water causes Ignition 

The vigour of the interaction of water and sodium peroxide causes 
paper to burst into flame. 

Support a sheet of filter or tissue paper on a tripod. Add a 
saltspoonful of sodium peroxide and flatten it into a layer about 
i inch high. Add one drop of water from a pipette. Oxygen is 
rapidly evolved, and in a second the paper bursts vigorously into 
flame. Do not use writing-paper, which, loaded as it is with clay 
or other material, will not inflame. 

The phenomenon may be shown in a spectacular way as follows; 
Support on a gauze on a tripod a mass of cotton wool, say as large 
as the palm of the hand. Add a teaspoonful of sodium peroxide, 
in a layer as before, and then one drop of water. In a second the 
mass ignites with almost explosive violence, producing a large 
volume of flame. 

A timely warning may be given about care in the handling of 
sodium peroxide. Obviously it should not be left lying about on 
filter-paper. Factors promoting the spontaneous combustion of 
hay, sawdust, etc., are probably akin to those effecting the ignition 
here described. The materials, especially if wet, adsorb oxygen 
from the air, and the concentration at the interface promotes rapid 
oxidation. If no counteracting influence is at work the ignition 
temperature is ultimately reached. 

Expt. 528 .—The Ignition Temperature reached by Catalytic Action 

Platinum black, slightly warm and supported on a piece of 
asbestos paper, is held in a stream of coal gas. Probably adsorption 
and then catalytic oxidation occur, for the platinum first becomes 
red-hot and soon after ignites the gas. 

Tear off a small piece, say 1x2 inches, of asbestos paper, and 
moisten the frayed edge with a few drops of platinic chloride. 
Holding the paper with tongs, heat it in the flame until all fumes 
have gone and only platinum is left. Now turn out the gas, and 
immediately—that is, before the paper has completely cooled— 
turn it on again. Hold the frayed edge of paper in the edge of the 
gas stream. The gas is ignited. 


31 
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Expt. 529 .—Water fails to extinguish Fire. F. G. Benedict, 1901 

Calcium carbide is moistened and the issuing acetylene set on 
fire. A jet of water directed on the mass enhances the con¬ 
flagration. 

Stand on a tile a lump of calcium carbide of the size of a walnut. 
Direct a fine jet of water on the carbide and ignite the gas. Add a 
bigger stream of water ; the flames increase. 

Expt. 530 .—Water is ineffective towards blazing Petrol. Irvine 
Fine, 1931 

Petrol is ignited and water poured on the burning mass ; the flame 
is not extinguished. 

Place 20-30 c.c. of petrol or kerosene in an evaporating basin and 
stand the basin on a large soup-plate. Ignite the petrol and then 
pour water from a kettle or can on the burning liquid. The petrol 
floats upon the water and, having more surface exposed to air, burns 
more fiercely than before. 

Expt. 531 .—Burning Petrol extinguished with Carbon Tetrachloride 
(P3rrene). Irvine Fine, 1931 

Ignite petrol in a basin, as detailed in the last experiment. Have 
about 20-30 c.c. of carbon tetrachloride ready in a small long¬ 
necked flask—or in a boiling tube. Pour on the minimum amount 
of pyrene to extinguish the fire. My own experience is that 20 c.c. 
of petrol burning in a shallow basin needs the application of an equal 
volume of carbon tetrachloride. 

Expt. 532 .—Foam Fire-Extinguisher. F., 1933 

A stabilised foam of carbon dioxide is played on a quantity of 
blazing petrol. The flames are immediately extinguished. 

Construction and Charging of a Foam Fire-Extinguisher.—Com¬ 
mercial foam fire-extinguishers contain, in separate compartments, 
{a) a solution of sodium bicarbonate mixed with a foam stabiliser, 
and {h) an acid-producing material—reputed to be aluminium 
sulphate—which by hydrolysis affords a supply of sulphuric 
acid. 

Prepare a quantity, say 200-400 c.c., of a cold saturated solution 
of sodium bicarbonate, and for every 100 c.c. of solution add i gm. 
of saponin. Prepare also a smaller quantity, 40-80 c.c., of a satur¬ 
ated solution of aluminium sulphate. (The continuous hydrolysis 
of the aluminium sulphate provides sulphuric acid, which liberates 
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carbon dioxide, and colloidal aluminium hydroxide, which, carried 
up into the interface, assist in the fire extinction by coating the 
burning material with a series of non-combustible layers. Alum 
will serve but has the drawback of its low solubility, thus for 
Al2(SOj3 i8 HgO, 5=87 at 0° C., for alum S=5*2 at 0° C. If a 
saturated solution of alum is used, fortify it with an amount of 
concentrated hydrochloric acid about equivalent to the carbonate 
taken.) 

Obtain a thick-walled bottle, 300-500 c.c. ; an ordinary flask is 
not suitable, for the pressure produced is liable to burst it. Close 
the bottle with a one-holed rubber stopper carrying a small right- 
angled tube to which a length of 3 or 4 inches of rubber tubing 
is attached. Pour 200-300 c.c. of the soda solution into the bottle, 
then stand in this solution 3 or 4 test-tubes filled with the aluminium 
solution. The tubes should contain a volume of the aluminium 
solution equal to about one-fifth the carbonate solution. The liquids 
are mixed by inverting the bottle. A jet of foam, whose direction 
may be controlled by manipulation of the rubber delivery tube, is 
projected with considerable force. 

Prepare a foam-producing bottle as described above. Ignite 
petrol in a basin as directed in Expt. 530 ; oil, fat, or wood may be 
added to create a good blaze. Now invert the foam bottle and 
direct the stream on the blazing mass. The fire is extinguished by 
the first portions of the stiff foam. 

The effect of wire gauze on a flame, introducing the principle of 
the Davy lamp, is illustrated in the following experiments. 

Expt. 533 .—Petrol Flame extinguished by Metal Gauze. Irvine 
Fine, 1931 

Burning petrol is poured into a receptacle covered with iron 
gauze ; the petrol is extinguished. 

Bend a square of ordinary iron gauze over the mouth of a dry 
2-lb. glass jam jar or other convenient receptacle. Place 20-50 c.c. 
of petrol in a small saucepan and ignite the petrol. Pour the burning 
petrol, from a height of 1-2 feet, in a steady stream through the 
gauze into the jar. The petrol is extinguished as it passes through 
the gauze. The small amount which adhered to the upper side of 
the gauze soon burns away. Remove the gauze and ignite the 
petrol in the jar. 
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Ezpt. 534 .—Coal-Gas Flame cut off by Wire Gauze. K. Heumann, 
1876 

(a) Hold a piece of wire gauze horizontally with tongs and lower 
it slowly into a Bunsen flame. The reacting gases, rendered visible 
as flame, are pressed down and completely cut off, as though the 
gauze were a sheet of solid metal (fig. 143). 

(b) Next make the gauze red-hot, then lower it into the hollow 



Fig. 143. Fig. 144. 


cone. The gases, no longer cooled, pass through the mesh and bum 
on the upper side of the gauze. 

(c) Repeat (a) above, taking care to depress the gauze as far as 
the zone of unburnt gas. The gas, passing through the gauze, is 
cooled below its ignition temperature. Bring a lighted taper just 
above the gauze. The gas now burns, and two distinct flames are 
seen. 

(d) Stand a sheet of gauze on the top of an unlit Bunsen, with 
the air inlet open. Turn on the gas fully and ignite it above 
the gauze. Raise the gauze slowly (fig. 144); the flame ascends 
with the gauze to a height of 4-5 inches. 

Expt. 535 . —Efficacy of the Davy Lamp. D. S. Macnair, 1902 

A small Davy lamp is constructed, lit, and placed in an explosive 
mixture. The lamp is withdrawn and the mixture exploded with 
a naked flame. 

Take a cork 3-4 cm. in diameter and a piece of fine brass wire 
gatize 12 cm. square. Roll the gauze into a cylinder of such 
^ameter that the cork will fit tightly into one end of it. Cut out 
of the same wire gauze a circle, a little larger in diameter than the 
cylinder. Draw out 4 or 5 of the bent wires at the top of the 
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cylinder, so that the straight wires are left projecting free for 5 to 
6 mm. Cover the top of the cylinder with the circle, passing the 
straight wires through the gauze near the 
edge of the circle, and fix them by bending 
them over. Now fix a small candle to the 
cork, by melting the wax at the bottom, 
and push a stout wire into the cork to 
serve as a handle. Light the candle, and 
slip the wire-gauze cylinder over the cork, 
thus completing the lamp. 

Pass a little coal gas into a wide-mouthed 
bottle so as to form an explosive mixture. 

Pass the lamp into the jar (fig. 145) and 
notice what happens. Withdraw the lamp Fig. 145. 

and apply a naked flame to the jar. 

If procurable, old and recent designs of Davy lamps should be 
shown and examined. 

Expt. 536 .—The Candle Flame and the Bunsen Flame are hollow. 

A. W. Hofmann, 1869 

{a) Run a pin through the stick of a safety-match about J inch 
below the match head. Place the stalk of the match down the 
burner so that the pin lies across the mouth of the chimney ; the 
match head will thus be in the path of the gas. Turn on and 
carefully ignite the gas. In the absence of draughts the match 
will remain, apparently immune from burning though in the midst 
of the flame. 

(^») M. Faraday, 1827. Place one end of a 6-inch 
length of tubing of narrow bore in the hollow part 
of the flame, as shown in fig. 146. A piece of 3 mm.- 
bore silica tubing is suitable. Ignite the gas as it 
issues from the tube. The same experiment may be 
done with a Bunsen flame. 

(r) K. Heumann, 1876. Depress a sheet of white 
cardboard or stifl white paper well into the hollow 
cone of a Bunsen flame. Hold the paper in the flame 

Fig. 146. 3 or 4 seconds. Show the flame picture, a ring of 

white paper surrounded by a wide scorched area. 

As Professor Smithells has pointed out, this experiment is a 
modification of one recorded by Francis Bacon in 1615. Bacon 
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directs that an arrow should be placed in a flame for about ten 
seconds. On withdrawing the arrow it is noticed that some parts 
of it are but little burnt. 

Expt. 537.—The Cause of the Flame Shape 

This method of explaining the formation of a conical flame is 
due to Professor A. Smithells. 

Procure a set of hollow concentric cardboard cylinders, fitting 
inside one another so that the packed mass makes a solid cylinder, 
say 4x3 inches. 

A roll of thick cloth, say of the size of a puttee, suitably stitched 
in necessary places will serve even better. The roll will pull out 
to form a conical cap. 

Imagine the gas stream to be visible. A cylindrical mass of gas 
emerges from the nozzle of the burner. Only the outside portions 
of this mass, represented by the largest cylinder, meet the air and 
are consumed. The central core of unburnt gas, pushed by the 
stream behind, will pass upwards, making a new and smaller 
cylindrical column. Push the inner cylinders up to illustrate this. 
Through the second cylinder will pass a narrower cylindrical column, 
and each successive column will be smaller than the last, the entire 
series making a cone of unburnt gas. Pull out the remaining 
cylinders so that the whole arrangement resembles a fool’s cap. 

Eaept. 538.—Separation of the Flames of a Bunsen Burner. A. 

Smithells, 1894 

To call attention to the work of Smithells, the account of the 
flame separator and its manipulation is taken directly from the 
original paper (J.C.S., 1892, 61 , 204): 

' A Bunsen burner A is fitted to a glass tube BC, by means of 
a perforated cork or a packing of cotton wool. The upper part of 
this tube is sheathed with a wider one EF, and connected to it by a 
joint at E (fig. 147). 

' The most suitable joint for this purpose is an india-rubber tobacco- 
pipe cover, the flat disc of which can be punched out with a cork 
borer so as to admit the inner tube. While maintaining an air-tight 
connection, this admits of the free up-and-down movement of the 
inner tube. 

* The two tubes are kept coaxial by a ring of asbestos at G. Rings 
of brass foil may be fitted into the ends C and F of the glass tubes 
to diminish the risk of cracking by heat, and to avoid the coloration 
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of the flame by the sodium of the glass. If the apparatus be so 
arranged that the mouth of the inner tube is about lo cm. below 
that of the outer one, and the gas be lighted, an ordinary Bunsen 
flame is obtained at the mouth of the latter. If now the gas supply 
be gradually diminished, the flame becomes smaller and 
the two-coned structure more evident until the inner 
cone, having become very small and green in colour, 
shows a tendency to enter the tube. As the gas supply 
is further cut off, tlie inner cone will probably descend 
and reascend a few centimetres, until finally it descends 
as far as the orifice of the inner tube at C, on which it will 
then suddenly settle and remain. The separated cones 
correspond to the two cones of a Bunsen flame. 

‘ The apparatus is so arranged that the inner tube 
projects above the outer one, and the Bunsen flame is 
obtained on the former. The gas supply is then cut 
off till the inner cone is on the ])oint of descending, but 
is still burning steadily. The outer tube is then slid 
slowly up beyond the inner tube and it will be seen to 
clearly detach and carry off the outer cone from the 
inner one, which remains in its original position at the 
top of the inner tube. 

‘ This point is equivalent to a constriction in the 
tube, and the subsequent increase in the velocity of 
ascending gases determines the sudden arrest of the 
receding flame. Whilst this is going on, a feeble flame Separator, 
consisting of a single hollow cone of pale lilac-colour 
remains at the orifice of the outer tube F. The two conical 
areas are thus widely separated, and the gases coming from the 
lower one can be easily aspnrated by introducing one limb of a 
bent tube at F.* 

The Luminosity of Flames 

The teacher is advised to read up the subject and beware of a 
forced, dogmatic interpretation of the results. A flame may be 
luminous and yet contain no solid particles— e,g, hydrogen burning 
under pressure. 

Expt. gp. 539.—Luminosity due to Solid Particles 

(a) Hold a piece of platinum foil in the hottest part of a Bunsen 
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flame. The platinum emits a white light, yet it can be no hotter 
than the gas flame. 

(b) Heat similarly the pointed end of a piece of lime. 

(c) Depress a white basin, the bowl of a clay pipe or a glass rod, 
into the upper part of a luminous Bunsen flame. Withdraw the basin 
and show the deposit of soot. It would therefore seem that carbon, 
screened from oxygen and raised to a high temperature, exists in 
the interior of the luminous zone. 

{d) Ignite a few drops of turpentine in a dish and note the 
luminous sooty flame. 

(e) Ignite alcohol in the same way and note the absence of 
luminosity. 

(/) Expt. loi, showing the increase in luminosity when benzene is 
added to wood gas, may be recalled or repeated. 

Expt. 540 . — Luminosity caused by Pre-heating. K. Heumann, 
1876 

The chimney of a Bunsen burner is extended by the addition of 
a length of tubing 6-12 inches, and a non-luminous flame lit at the 
end of the extension. On heating the burner or the extension tube, 
thus pre-heating the coal gas, a luminous flame is obtained. 

The extension tube must be wide enough to go over the Bunsen 
tube. A narrow extension fitting inside the Bunsen allows of too 
feeble a flame. The ideal material for the extension is platinum foil 
coiled into a tube, but the quantity of platinum is beyond the 
resources of most schools. An 8-12-inch length of copper or brass 
tubing is inexpensive and easily fitted—with a packing of paper if 
necessary—but it colours the flame green. An ordinary 9-12-inch 
length of J-inch silica combustion tube will usually slide over the 
Bunsen chimney. Such an arrangement answers admirably, for the 
silica imparts no colour to the flame. Light a non-luminous flame 
at the end of the extended burner. Heat a section of the extension 
with a second burner. The flame becomes luminous. Remove the 
second flame. As the tube cools, the luminosity passes away. 

Expt. 541.—Acetylene a Product of the Combustion of Coal Gas 

A Bunsen flame is made to bum back. The products of combus¬ 
tion are drawn through an ammoniac^l solution of cuprous chloride. 
Red cuprous acetylide is formed. 

Fit up the apparatus as shown in fig. 148. The wash-bottle 
contains a solution of cuprous chloride (preparation, see p. 550) in 
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ammonium chloride. Open the air-port as widely as possible, turn 
on the gas fully and ignite it by bringing a lighted taper to the air 



► to Asp/rator 


intake. Suck over the products of combustion by means of a 
water-pump. Red cuprous acetylide soon appears in the bottle. 


Expt. 542 . — Coal Gas made luminous by Acetylene. R. A. Baker, 
1917 

A Bunsen burner is lit and the flame made non-luminous. By an 
ingenious device acetylene is mingled with the coal gas and the 
flame becomes luminous. 



Place a wide-mouthed wash-bottle containing water in the path 
of the gas, as shown in fig. 149. Support a small piece of calcium 
carbide on a loop of wire attached to one of the tubes projecting 
through the stopper. Turn on the gas, light the Bunsen, and arrange 
it so that the flame is non-luminous. Shake the carbide into the 
water. The flame becomes luminous. 
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Expt. 543. —Luminosity decreased by Cooling. K. Heumann, 1876 

Light a fish-tail burner and place an ordinary domestic flat-iron 
against it, so that the whole of the flame, as it were, licks the iron. 
The flame soon loses its luminosity, which reappears when the iron 
is removed. 

Expt. 544. —Luminosity decreased by Dilution of the Combustible 
Gases 

V. B. Lewes showed in 1892 that the luminosity of coal gas may 
be decreased by diluting it with inert gases. The phenomenon was 
demonstrated by Blanchard and Phelan (1922) and was made 
roughly quantitative as follows :— 

Calibrate one bottle, A, of an aspirator pair (fig. 83), using paper 
strip)s as graduations. Attach a jet—a mouth-blowp:)ipc is suitable 
—to the exit tube. More than half-fill the bottle with coal gas, 
elevate the reservoir bottle, ignite the gas and thus exhibit its 
luminous flame. Turn out the flame and to the gas in A add an 
equal volume of carbon dioxide. Mix the gases by agitation. 
Once more elevate the reservoir bottle and ignite the gas at C. 
Repeat, varying the proportions of the gases, and find how much 
carbon dioxide is required to make the flame non-luminous. 

Repeat, using ethylene or acetylene instead of coal gas. Nitrogen 
may be used in place of carbon dioxide. 

Expt. gp. 545. —Explosive Mixtures 

Mixtures of oxygen and inflammable gases in various proportions 
are made and ignited. When the reactants are in certain propor¬ 
tions the mixture expflodes. 

Find the capacity of a gas jar and indicate simple fractions of 
its volume with strips of paper. 

By the usual method of displacement of water, pass hydrogen 
(or coal gas) and oxygen (or air) into the gas jar, in definite propor¬ 
tions. Vary the proportions and show that some of the mixtures 
explode when ignited and some do not. The best hydrogen-air 
explosive mixture consists of 5 volumes of air and 2 volumes of 
hydrogen. 

The limits for the propagation of flame in inflammable gas-air 
mixtures given by different workers are not concordant. 

The limits vary with the temperature of the gaseous mixture, the 
diameter of the explosion cylinder, the temperature of the ignition 
spark, and other factors. The following limits for mixtures of gas 
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and moist air at room temperature are for explosions propagated 
upwards:— 

Lower Limit Upper Limit 

Hydrogen . . . 4-1 per cent. 75 per cent. 

Carbon monoxide . 12-8 ,, 72 ,, 

Methane . . -5*3 ,, 14-8 

For further information see ' Limits for the Propagation of 
Flame in Inflammable Gas-Air Mixtures/ A. G. White, J.C.S., 
1924, 125 , 2387. 


Expt. 546.—The Striking back of a Bunsen Burner 

The striking back of a Bunsen flame is plainly shown by replacing 


the metal chimney by a long glass tube. 

Fit up a glass tube over the gas supply as shown 
in fig. 150. The tube may be of any convenient 
dimensions, say 12-36 inches long and J-i inch in 
diameter. Close the lower end with cotton wool so 
that a luminous flame may be obtained. The gas may 
be burnt at the naked end of the tube, but the sodium 
flame is objectionable and the glass may fracture. 
Coil a strip of asbestos paper, say 6x1 in., and slip 
it into the mouth of the tube, so that about | 
inch protrudes as a jet. The elasticity of the coil will 
easily keep it in position. Turn the tap full on and 
light the gas. Remove the cotton wool; the flame 
loses its luminosity. Turn the gas slowly down until 
a point is reached at which the air and gas form such 
a mixture that the explosion wave is set going. An 
explosion occurs and the flame strikes back and burns 
at the gas inlet. 

Expt. 547.—The Combustion and Explosion Wave 
illustrated (H. Le Chatelier, 1908) 

A mixture of nitric oxide and the vapour of carbon 
disulphide, contained in a long tube, is ignited. The 
combustion wave travels at a moderate rate down the 
tube. At a certain distance, dependent on the diameter 
of the tube, the residual mixture explodes. In a very 
long tube the passage of the explosion wave may be seen. 



Fig. 150. 


This phenomenon is quite easy to show. Le Chatelier used a tube 


3~4 metres long and 3 cm. wide. In a tube of these dimensions the 
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moving flame is a magnificent and impressive spectacle, but the 
experiment works quite well in a shorter tube. I have used a 
4“ft. length of ^-inch tubing and a 4|-ft. length of |-inch tubing ; 
both give highly satisfactory results. Prepare the nitric oxide by 
Thiele's method, whereby a rapid steady stream of gas is obtained. 
Dry the gas by passing it through a wash-bottle of sulphuric acid 
and then send it through the tube. A vanguard of brown gas 
moves along the tube making the filling process visible. In a 
minute or two the tube is full of nitric oxide. Close each end with 
a cork. Add rapidly about 0*5 c.c. of carbon disulphide and 
invert the tube a few times. Place the tube in a vertical or a 
horizontal position, remove one cork, and apply a lighted taper to 
the open tube. A head of dazzling blue flame travels down the tube 
and then suddenly an explosion occurs. 

The tube may also be filled with proportions of air and coal gas 
to yield mixtures: (a) explosive, {b) air-rich, (c) coal gas-rich. 
The experiments are fascinating, for the flames differ markedly in 
colour, form, and rate of propagation. In a 15-ft. tube it is quite 
easy with a stop-watch to time the flame-speeds of mixtures of 
classes (d) and (c). 

W. E. Thrun {J,C.E,, 1936, 13 , 165) uses three 5-ft. lengths of 
2-cm. tubing joined with adhesive tape. By the simple device of 
inserting the nozzle of a Meker burner into one end of the 15-ft. 
tube, and by suitably opening the air-port of the burner and 
adjusting the gas supply, Thrun fills the combustion tube with one 
after another of the above air-coal gas mixtures. Also he inserts 
a disc of wire gauze in one of the joints, and so stops the progress 
of the flame and demonstrates the principle of the safety-lamp. 

With a junior class the experiments might well be followed by a 
discussion on lighting the oven of an ordinary gas-cooker. 

For the Teacher’s Reading:— 

The Chemistry of a Candle, by M. Faraday. 1861. 

‘The Structure and Chemistry of Flames,' by A. Smithells and 
H. Ingle, J.CS., 1892, 61 , 204. 

‘The Structure of Luminous Flames/ by A. Smithells, J.CS,, 
1892, 61 , 217. 

‘Report to the British Association,' by A. Smithells, 1907, 469. 

(The interesting papers of Professor Smithells are in non¬ 
technical language and contain much chemical philosophy.) 
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'The Luminosity of Gas Flames/ by V. B. Lewes, J.C.S,, 1892,61, 
322. 

'The Rate of Explosion in Gases/ by H. B. Dixon, Phil. Trans., 
1893, 184 , 97. (This paper is a classic.) 

The Chemistry of Combustion, by J. Newton Friend. 1922. (This 
book contains an extensive and useful bibliography.) 

Combustion from Heracleitos to Lavoisier, by J. C. Gregory. 1934 * 
Flame and Combustion in Gases, by W. A. Bone and D. T. A. 
Townend. 1927. (A standard treatise.) 

' Experimental Explosion of Coal Gas, Coal Dust, and Petrol 
Vapour,’ by W. Railstron, S.S.R., 1938, 19 , 173. 


Preparation of Colloidal Sulphur, von Weimarn and Maljisheff, 
1910 

This method is simpler and more pleasant to carry out than that 
given on p. 439. A solution of sulphur in alcohol is poured into 
much water. Sulphur, almost insoluble in cold alcohol (S==o-o5 
at room temperature), dissolves considerably in the hot. Add a 
pinch of powdered sulphur to 20 c.c. of alcohol in a small flask and 
digest on a water-bath until solution takes place. Pour the solution 
by drops in about 500 c.c. of water. A highly stable sulphur 
sol results. 
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NOTE ON THE MODERN USE OF SILICA GEL 

Iron Oxide as a Catalyst. Audrey H. Heap. (Private communi¬ 
cation.) 

In this modification an inexpensive but effective catalyst—iron 
oxide supported on silica gel—replaces the customary platinised 
asbestos. 

Preparation of the Catalyst, First find the alkalinity of water- 
glass by titration against a standard acid. To do this work a 
quantity of water-glass on to a small weighed glass rod and transfer 
the loaded rod to a beaker for weighing. Dissolve the water-glass 
in 5 to 6 times its volume of hot water and titrate against an acid, 
say i*oN-H 2S04, using methyl red as indicator. Calculate the 
alkalinity of the water-glass and then make a quantity into a 
standard solution, say z-oN. This usually requires about 36 gm. 
of water-glass in 100 c.c. of solution. Mix a definite quantity of 
this solution with sufficient sulphuric acid to neutrahse it (with 
2*0 N water-glass and i’OiV-H2S04 the gel forms in a few minutes) 
and then stir in a solution of ferrous sulphate. (In repeating this 
experiment I used 50 c.c. of i*oN-H2S04 to neutralise the water- 
glass and then added 25 c.c. of i*oM-FeS04-7H20. The resulting 
catalyst was highly satisfactory, but possibly wide variations of 
this amount of ferrous sulphate could here be used.—G. F.) Heat 
in a basin until the mass thickens and begins to spurt. Transfer 
to a sand-bath tray, heat to dryness and finally make the tray red 
hot until fumes cease to come off. Wash with water until free 
from sulphate. 

Catalytic Oxidation of Sulphur Dioxide .—Place a 2-4-inch layer 
of the powdered catalyst between plugs of asbestos in a hard glass 
tube—which replaces the soft glass tube of fig. 68, p. 217. Make 
the tube red hot (the catalyst is comparatively inert at the moderate 
temperature at which platinum functions) and pass over a mixture 
of dry sulphur dioxide and oxygen as in Expt. 217. Sulphur 
trioxide comes over in torrents. At the end of the experiment 
cork the combustion tube; it is then ready for the next occasion. 

The Catalytic Oxidation of Carbon Monoxide. Audrey H. Heap. 

(Private communication.) 

Carbon monoxide and steam are passed over iron supported on 



495 


MODERN USE OF SILICA GEL 

silica gel raised to a moderate temperature. Carbon dioxide and 
hydrogen are obtained. 

CO + HgO^Hg + CO^ 

The experiment illustrates the modern industrial method of 
removing carbon monoxide from the mixture of water-gas and 
producer-gas used in the synthesis of ammonia. 

Previous to the lesson place the silica gel coated with the iron 
oxide in a 6- or 9-inch combustion tube (soft glass may be used), 
heat short of redness and pass over a stream of dry hydrogen until 
no more sulphur dioxide comes over and iron only is left on the gel. 
Now place the combustion tube between an apparatus for the 
preparation of carbon monoxide (sec p. 314) and a pneumatic 
trough. Join the following items of the aj)]’>aratus in series : the 
supply of carbon monoxide, a small wash-bottle (A) of lime water, 
a small flask (B) of water arranged to give a supply of steam, the 
combustion tube, a second bottle of lime water (C), the pneumatic 
trough. Sweep the air out of the apparatus with a stream of 
carbon monoxide, eind burn away the gas collected at the trough. 
Note that the passage of the carbon monoxide leaves the lime 
water unchanged. Now heat the water in the flask B and gently 
warm up the combustion tube, using an almost luminous flame. 
Almost immediately the lime water in bottle C goes milky. Add 
caustic soda to the water of the trough and show that the gas 
collected there is hydrogen. 

If two furnaces and the necessary burners are available, the 
experiment may be carried out with the carbon monoxide of water- 
gas. Water-gas is easily produced and its composition shown in 
the following experiment:— 

The Production of Water-Gas. Audrey H. Heap. (Private com¬ 
munication.) 

This method is alternative to that described in Expt. 126, p. 113. 

Steam is passed over red-hot carbon and the issuing gas identified 
as a mixture of carbon monoxide and hydrogen. 

Pack a i2Xi silica combustion tube with pieces of wood 
charcoal and place it in a 6-inch Fletcher table furnace. Join a 
flask of water, arranged to give a supply of steam, to one end of 
the tube and join the other end to a pneumatic trough. Insert a 
wash-bottle containing a solution of ammoniacal silver nitrate (or 
paper dipped in palladium chloride) between the combustion tube 
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and the trough. Make the combustion tube red hot and send over 
a current of steam. The silver solution quickly darkens, indicating 
the presence of carbon monoxide, and before long a heavy precipitate 
of silver settles. Bum away the jars of gas as fast as they are 
filled. Replace the trough by a short length of combustion tubing 
containing a small piece of sulphur. Heat the sulphur to boiling. 
Hydrogen sulphide issues from the end of the tube. 



APPENDICES 


I 

AIMS AND METHODS OF TEACHING CHEMISTRY 

A FEW definite ways of leaching chemistry are more or less known 
and practised. Other ways which have from time to time been 
suggested have never been formulated into definite schemes or 
submitted to critical examination, and have hardly ever been tried 
out under existing conditions. This appendix describes well- 
accredited methods of teaching, formulates those which exist in 
vague outline, and submits both types to a critical analysis. The 
section opens with a brief history of the teaching of chemistry. 
This allows the teaching methods to be seen in just proportion, 
because disappointment with one method has generally prompted 
the introduction of another. The aims of the teaching next re¬ 
ceive treatment, for the aim gives the method direction and driving 
force. The teaching methods are then considered in detail. 

The little chemistry taught in English schools before 1850 was 
often an optional subject taken by a visiting master. Gradually, 
influenced by public opinion and by reports of commissions and 
committees, more and more schools tardily included a meagre 
amount of science into the curriculum. In 1872 organised science 
schools were inaugurated, and in their curricula chemistry figured 
as one of the main subjects. Since the Education Act of 1902 
chemistry in all secondary schools controlled by the Board of 
Education has ranked equally with other subjects of the curriculum. 

According to competent observers, the teaching both in England 
and America in the latter half of the nineteenth century was, with 
rare exceptions, unenhghtened and execrable. Much has been 
heard of this criticism but little of the teachers’ side of the question 
—of their large classes, inadequate equipment, lack of help, lack of 
free periods for preparing apparatus and attending to the laboratory, 
of the contempt thinly veiled for the new learning, and of thQ 
neglect to provide effectual working conditions, 
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“I need hardly remind you that science has crept gradually and 
almost stealthily into the curriculum of our public schools. Ry the 
old * Greek Play’ headmasters it was regarded with somewhat of 
the mixture of irritation and contemptuous tolerance that we give 
to an intrusive cat. They found it an expensive subject, demanding 
specially equipped rooms and costly apparatus. They associated it, 
not with culture, but with low forms of mechanical dexterity and 
nauseous smells.” [Bishop E. W. Barnes, S.S.R., 1926, 7 , 146.] 

The subject was new to the schools and the teachers were 
entirely untrained in science teaching. Novel problems had to be 
solved, such as the administration of a laboratory, and the setting 
of large classes to practical work. No doubt at first mistakes were 
made and avenues explored which led nowhere, but progress was 
ever such. Naturally the majority of teachers followed the method 
of, and taught what they themselves had learnt at, the university. 
Accordingly, the teaching methods were copies of those used by 
Liebig and Bunsen for adult .students intending to follow a chemical 
career. The practical work consisted largely of the preparation 
of gases and of analysis, contemptuously dubbed Gest-tubing’ 
by the captious critics. The cultural aspect of chemistry seems 
scarcely to have been thought of. 

But public-spirited chemists who were friends of the schools 
did more than criticise: they gave help, served on commissions, 
drew up schemes of work, and put forward constructive suggestions 
for the betterment of teaching. Professors H. E. Roscoe, W. Tilden, 
H. E. Armstrong, A. Smithells, and W. H. Perkin w^re prominent 
in this movement. A public schoolmaster. Canon J. M. Wilson, made 
strenuous efforts to get science rationally taught. His contribution 
to Essays on a Liberal Education (Macmillan, 1867), full of cogent 
argument and helpful suggestion, is as salutary to-day as it was 
then. The pioneers of reform in America were Professors Ira 
Remsen, C. W. Elliot, and J. P. Cooke. By their own example 
and by the publication of helpful text-books they did much to 
improve the chemical teaching in English-speaking countries. Of 
their writings the best known to English readers are The New 
Chemistry (1873), by J. P. Cooke, and the several text-books of 
Remsen, notably his Introduction to Organic Chemistry (1885). 

The main criticism of the teaching then current was that it con¬ 
sisted of imparting facts instead of training the mind. Professor 
Armstrong, the most ardent and indefatigable of the reformers, 
at the British Association Meeting of 1889 outlined the heuristic 
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or discovery method of teaching. The method failed when put 
into practice under the conditions then prevailing, but as an 
inspiring suggestion it was a glorious success, and its spirit has 
ever since pervaded the best science teaching. It has stimulated 
teachers to throw off the legacies of the past and seek out more 
enlightened and rational methods. Of these the most attractive 
to the philosophically minded is the historical method. Who first 
adapted the historical method to the teaching of chemistry I do 
not know, but so far as I am aware the first to write about it 
were Professor W. H. Perkin and Dr Bevan Lean in 1896. 

The fundamental principles of the heuristic system as an 
educational instrument were not universally accepted, but were 
challenged by Continental critics, of whom the English mouthpiece 
was Miss Ida Freund. 

Yet this criticism was all to the good, since it resulted in the creation 
of another method sharply opposed to but sharing with the heuristic 
plan the aim of fostering in students the scientific habit of mind. 
For brevity I have called this the normal method. The basic principle 
of the method is to subject a selected portion of chemistry to a critical 
experimental examination. The Experimental Basis of Chemistry, 
by Ida Freund, 1920 (a posthumous work. Miss Freund died in 
1914), describes the scheme clearly and fully. This work, although 
full of helpful suggestions, arguments, and keen criticism, con¬ 
stitutes in itself a most weighty objection to the normal method. 
For in a course intended for university students, and occupying 
400 closely packed pages, the author arrives no further than the 
law of multiple proportions. 

Inevitably a reaction soon set in. It took the form of a return 
to the informative method at the beginning of the course in order 
to give a doctrinal exposition of the modem conception of atomic 
structure. In 1900 Professor William Ostwald advocated the 
teaching of chemistry to university students from the physical 
point of view. The idea crept slowly into the universities and even 
more slowly into the schools. 

Aims of Teaching Chemistry 

Of the educational aims which have from time to time been 
strongly advocated the four chief are detailed below. Others will 
be mentioned in the course of the discussion, 

' (i) Students should be taught only the established facts and 
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principles of chemistry. The value of the facts and principles 
in farming, hygiene, agriculture, and industry is incontestable, 
and those who believe in this aim point out that pupils are thereby 
better equipped for the journey of life. 

(2) Many prominent thinkers, notably Professor H. E. Armstrong 
and the philosopher Bertrand Russell, aware that the conclusions 
and achievements of science are due to its method of study, 
sedulously advocate a training in the method of science and all 
that it implies, viz. unswerving devotion to truth, independence 
of thought, and the possession of a mind free from bias. It is 
argued that the scientific habit of mind once acquired would become 
a permanent possession, and consequently the scientific method 
would be apphed throughout life to matters of social and economic 
importance. On this matter see also Must Science go the Way of 
the Classics? by Nicholas Murray Butler (1925). 

(3) Some prominent teachers while acknowledging the importance 
of the scientific method are averse from making it the vital factor 
in the teaching. 

**The prime contribution of the heroes of science to the world's 
cultural wealth is not the scientific method but scientific life. In 
accordance with our criterion, our business is, then, to teach the 
realisation of the life, not the mastery of the method.” [Sir P. Nunn, 
1922.] 

F, W. Sanderson of Oundle aimed at arousing the scientific spirit 
rather than inculcating the scientific method. He believed that 
once the boys were infused with this spirit all the advantages of 
the study of chemistry and other branches of science would follow. 
He maintained that science was something more than exact 
measurement and careful investigation, and pleaded cogently for a 
presentation that would bring out its romance and its ideals, 

(4) Akin to the aim of Sanderson is that of endeavouring to instil 
a sense of science and an appreciation of scientific achievements. 
Students, it is argued, should be made aware of scientific problems 
and possibilities, especially of the wise utilisation of the wealth of the 
world and of man's growing control over his environment. Later 
on I have elaborated this theme and have pointed out the advantage 
of making students aware of the social and economic consequences of 
the ceaseless advance of chemistry. Thus the mind and imagina¬ 
tion are directed towards the future. Accordingly, the study of 
chemistry then becomes complementary to and corrective of the 
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classical part of the curriculum, in which, as Bertrand Russell has 
pointed out, the emphasis is entirely on the past. 

For an admirable discussion of the educational aims of, and plea 
for, humanistic science teaching see 'School Science, its Purpose 
and Scope,* by J. C. Philip, S.S.R., 1930, 11, 169. For important 
sidelights on the same subject read Mysticism and Logic, by 
Bertrand Russell (1919), Science and Life, by F. Soddy (1920), and 
The Mind in the Making, by J. Harvey Robinson (1921). 

It may not be out of place here to point out how the study of 
chemistry fulfils the above aims. For its subject-matter never fails 
to fascinate, while its practice exercises both brain and fingers. 
Moreover, especially for town-dwellers, chemistry makes far more 
contacts with life than do the biological sciences. But the out¬ 
standing merit of chemistry as an educational discipline lies in its 
practical work, especially in its quantitative aspect. For of simple 
experiments within the compass of students there is in chemistry a 
wealth far exceeding that in any other branch of science. Thus 
a determination may be repeated if necessary until consistency and 
accuracy arrive and the exactness of the science is revealed: laws 
and generalisations may be deduced from experimental results or 
experiments may be devised to verify laws; hypotheses may be 
framed and tried out by experiment; finally, investigations may be 
carried out and controlled by exact analysis. This quantitative 
aspect, lacking in biology, gives rise to the belief that no study is 
more fitted than chemistry to inculcate the scientific method. 

The Informative Method 

"There can be no doubt that the science teacher*s real battle is 
concerned at least as much with the dissemination of knowledge as 
with the training of the intellect." [F. W. Westaway, Science 
Teaching, 1929.] 

"It is not long since I was in charge of a school of life-saving, 
where we dealt with three million men from all classes of society, 
and where a little real knowledge of elementary science might 
mean, and often did mean to them, the difference between life and 
death. The rudiments of such knowledge were not to be found in 
one man among a hundred.** [Professor A. Smithells, 1924.] 

The method is aptly described by its name. PupUs are informed 
of the facts and conclusions of chemistry instead of being trained 
to find out the facts for themselves. 
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It is argued by the supporters of this method that many intro-, 
ductory courses of chemistry are nothing more than the early stages 
of the training of a professional or academic chemist. Much time, 
it is maintained, is spent in acquiring a technique, useless to the 
majority, and in amassing details of purely academic interest; 
while, despite the increasing dependence of civilisation on chemical 
knowledge and the increasing number of occupations where this 
knowledge is helpful, the useful facts of chemistry and their applica¬ 
tions are never reached. Again, teachers well know that not all 
minds are attuned to the study of philosophy. Some pupils are 
incapable of acquiring the scientific habit of thought, and others, 
to whom an intellectual process is irksome, offer a mental resistance 
to the efforts of the teacher, however persuasive he may be. Others 
are denied time and opportunity of studying the scientific method 
by experimental investigation, yet all will profit from the possession 
of scientific knowledge. A man may be a good shot with little 
knowledge of the action of the propellent or of the theory of pro¬ 
jection. Accordingly, it is urged that for the majority of pupils 
the instruction should be about chemistry, and not deal with the 
philosophy or technique of the science. 

Herein lies the weakness of the method: it is possible to impart 
a great array of facts, in any order and without a unifying principle. 
This practice, the informative method at its worst, is responsible 
for much of the obloquy under which chemical instruction lies, and 
for much of the reproach that chemical study involves no more 
than the memorisation of a mass of disconnected facts. In the 
lecture-room, preparation may follow preparation with no connecting 
thread, and marvel succeed marvel until wonder is stunned. All 
things seem possible and the pupils are prepared to believe anything. 
Thus the lessons can easily become interesting talks about science 
demanding but little intellectual effort from the pupil. 

As an educational discipline the method has been furiously 
assailed. Plutarch had no faith in it, and long ago said: 

“The child's mind is not a vessel to be filled but a fire to be 
kindled." 

“The true aim of the teacher must be to impart an appreciation 
of method and not a knowledge of facts." [K. Pearson.] 

“Chemistry should be made intelligent and not merely informa¬ 
tive," [A. Smithells.] 
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'*The pupils should be taught to do and to appreciate . . . and 
as far as possible should be led to discover the facts for themselves/' 
[H. E, Armstrong.] 

Still, it must be remembered that Roscoe used this method in his 
endeavours to arouse in the people of Lancashire a realisation of 
the importance of chemistry and that many were first attracted 
to the subject by his efforts. Finally, while teachers work to an im¬ 
posed syllabus and pupils are subjected to an external examination, 
much of the teaching must consist of imparting information. 

A temporary use of the informative method in order to introduce 
the modern ideas of atomic structure at the beginning of the course 
finds favour in many quarters. The plan is to give a doctrinal 
exposition of the modern conception of the atom and of atomic 
structure, arrive at the laws of combination by deduction, and so 
gain time to study a wider field of chemistry. It is suggested that 
for university students the approach to the atom should be by the 
way of modern pliysics, illustrated by lecture experiments involving 
the use of the X-ray spectrograph, or failing this by the use of suitable 
motion-films. 

“It seems to me important that new conceptions and results that 
are generally accepted by scientific men should be incorporated at 
once in elementary teaching, provided that they simplify current 
explanations or assist the formation of a clearer mental picture of 
natural processes. . . . While no doubt it might be possible and 
even instructive to approach the study of mechanics by an elaborate 
series of experiments with pendulums and other moving bodies 
before presenting Newton’s Laws of Motion, in practice progress is 
much more definite and rapid if these laws are assumed and are 
shown at a later stage to be in accord with experience. A similar 
situation confronts us to-day witli reference to the use of the Atomic 
Theory. We are quite certain that the existence of the atom is no 
longer an hypothesis but a verified fact, and we are confident that 
the masses of the individual atoms and the number of atoms in a 
known weight of material are known with errors which are certainly 
less than i per cent. In teaching both physics and chemistry, there 
seems to be no objection to presenting atoms at an early stage as 
real constituents of matter about whose concrete existence there 
is no longer room to doubt." [Lord Rutherford, S.S.R., 1923, 4 , 
107.] 

“Physics of to-day has proved that matter is composed of atoms. 
We can hardly even speak of an atomic theory. By numerous 
methods atoms are manipulated one by one. By means of alpha 
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ray tracks they can even be made individually visible. Physic^ has 
rendered our classical approach to the atom completely obsolete. 
The evidence is simple and the argument is direct. It is time 
to incorporate the new point of view in the introductory course/' 
[Dr Gerald Wendt, 1931, 8, 281.] 

See also A Junior Chemistry, by Dr E. J. Holmyard (1933), p. v, 
and S.S,S., 1933, p. 22. 

The Heuristic Method 

The coming of the heuristic method has already been told. The 
practice of the method, consisting as it does whoUy of experimental 
work in the laboratory, hardly comes within the province of this 
book: nevertheless, I have given an extensive bibliography. The 
best principles of the method have widely influenced modem 
teaching, and I have endeavoured in several places to show how 
these principles may form the basis of class teaching. The follow¬ 
ing admirable summary of Armstrong's views is from the pen of 
Professor A. Smithells:— 

‘*What Professor Armstrong has done has been to formulate a 
scheme of teaching in accordance with principles which are almost 
as old as civilisation. The aim of this scheme has been to free 
science teaching from the dogmatic, didactic methods by which it 
has been dominated, and to substitute a system which should yield 
the benefits of the experimental method. Two things, and only 
two, are essential to his plan: first, that pupils should perform 
experiments with their own hands, and secondly, that these ex¬ 
periments should not be the confirmation of something learnt 
on authority, but the means of discovering something previously 
unknown, or of elucidating something previously uncertain. It is 
maintained that in this way, and only in this way, can a child gain 
the knowledge and use the scientific method. Incidentally, it is 
urged, experiments should be made quantitative and a small number 
of problems should be thoroughly studied." [iV., 1903, 69 , 289.] 

Accordingly, in the heuristic method, instead of imparting facts, 
one endeavours to give a training in methodical thought. All 
knowledge of matter must be obtained by the pupil's own discovery, 
the learner being adroitly guided along the correct path by the 
teacher. It is maintained that by this practice the work becomes 
research and the learner catches the spirit of science. 

Stimulated by the fiery zeal of its originator, and aided by hts 
published scheme of work, many English teachers gave the new 
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method an extended trial. The results on the whole were dis¬ 
appointing. Progress was slow, and teachers, hampered by large 
classes and the necessity of working to an examination syllabus, 
found the method an impracticable ideal. But, although the 
method in its entirety has been largely abandoned, its best points 
have been assimilated and its spirit pervades much of the chemical 
teaching in England. 

Severe criticism has been hurled against both the educational 
principle and the actual practice of the heuristic method, not only 
in England and on the Continent. Of the principle involved Miss 
Ida Freund said: 

“It is nothing better than make-believe and fraught with grave 
intellectual danger." 

“He cannot expect to rediscover in his school hours all that he 
ma}^ fairly be expected to know; to insist that he should tr}^ to 
do this is to waste his time and opportunities." [N.S.E., 1918, 
p- 56-] 

Of the actual practice it has been said that the guiding drifts 
into telling, and that many teachers, dominated by the idea of the 
supreme value of experimental work, have neglected those topics 
which do not lend themselves to experimental treatment. 

Notwithstanding the adverse criticism, the heuristic method 
might well be tried by a teacher having sufficient time and a small 
class. Even then I would suggest the delaying of it until the pupils 
have some familiarity with ordinary reagents, and have acquired 
some competence in handling apparatus and performing simple 
manipulations. But where classes are large it seems to me that the 
only way to extract the worth of the discovery method is to let 
its spirit influence the lecture practice and to make sections of the 
work into investigations conducted jointly by the teacher and 
the class. Below I give a brief outline of my own efforts in this 
direction, carried out when pupils have reached the age of fourteen 
and have acquired some familiarity with materials and technique. 
It should be pointed out that, although there is no need of omitting 
historical allusions or utilitarian considerations, an occasional 
digression outside a prescribed syllabus is unavoidable. Still, any 
time deemed lost will be amply repaid by the interest aroused and 
sustained. Moreover, the folly of criticising without a background 
of facts is more distinctly seen and the necessary memorising la 



506 AIMS AND METHODS OF TEACHING CHEMISTRY 

cheerfully undertaken. The following brief outline will give some 
idea of the suggested procedure. 

Announce the subject to be studied, mention some of the diffi¬ 
culties involved, and suggest some main lines of investigation. 
The class, acting as a unit, is then encouraged to undertake the 
investigation, to struggle with difficulties, to discuss the results 
of experiments, and to suggest further experiments. The teacher 
helps by questions and criticisms, and often functions as the opposi¬ 
tion. If possible the suggestions of the pupils are carried out. 
This is not a very difficult matter, for much the same suggestions 
are made every year, and the teacher is more or less prepared for 
them. Occasionally, however, a searching question or thoughtful 
suggestion leads to the improvement of a future lesson. From 
being members of a community, and, as it were, acting in opposition 
to the teacher, the pupils gain courage in expressing thoughts and 
confidence in giving answers. An idea in the right direction, 
vaguely expressed, or an incomplete answer, is followed up, improved, 
and perfected by other members of the class. Thus progress is 
rapid where so many contribute to the solution and the teacher 
controls the pace. Ample opportunities arise, of demonstrating 
the foUy of accepting results on inadequate evidence, of pointing 
out the wisdom of suspending judgment and the necessity of dis¬ 
tinguishing the apparent from the real, the theory from the fact. 
In this way it is hoped that the growth of a critical judgment is 
fostered, and that habit of mind formed which is essential if prob¬ 
lems—not of chemistry alone—are to be studied in the scientific spirit. 

'‘By skilful questioning, scientific method is inculcated just as 
certainly as if the class carries out the actual operations. The 
questions must avoid pedantry and will not, in the hands of an 
able teacher, occupy too large a part of the lesson. The teacher 
will learn from experience just how to hold the balance. On the 
one hand he must not be a mere conjuror and, on the other, he must 
not tire his class with wearisome questions. At the end of the 
lesson he should take a mental note of the amount of ground covered 
and ask himself if the time has been well spent." [S. 5 .S., p. 30.] 

"A master who is teaching a class quite unfamiliar with the 
scientific method ought to make his class teach themselves, by 
thinking out the subject of the lecture with them, taking up their 
suggestions and illustrations and criticising them, hunting them 
down, and proving a suggestion barren or an illustration inept/** 
[Canon J. M. Wilson (1867).] 
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It is advisable in the practice of this method to arrange with 
the class what assumptions are to be made. Admittedly, it is 
impossible for a schoolboy to prove that a substance is an element: 
therefore the writer always arranges with the class to accept 
the list of elements built up by the accumulated experience of 
chemists. This assumption is not unreasonable, since an elementary 
investigation must be limited to the common elements, most of 
which are metals. Now the class are aware that metals will with¬ 
stand the highest temperatures and carry most powerful currents 
of electricity without decomposing, and that carbon and the gases 
of the air have corresponding powers of resistance. (Of course 
the same line of argument would make glass an element, but, as 
Boyle stated long ago, we know by experience tliat glass can be 
synthesised.) The second assumption is that glass as a chemical 
is almost inert and is regarded as unacted upon unless it is markedly 
changed in appearance. To illustrate the point a piece of glass 
should be made to interact with magnesium, or with cobalt oxide. 
For a detailed example of this method of teaching see the investi¬ 
gation of the qualitative composition of oil of vitriol. Chapter III. 

The Normal Experimental Method 

A selected portion of the field of chemistry is studied experi¬ 
mentally and the underlying order discovered. The method, 
although experimental, differs profoundly in principle and practice 
from the heuristic plan. Instead of a pupil discovering everything 
for himself the whole of the recorded work on the topic under 
investigation is thoroughly studied. Fundamental experiments are 
repeated in a simple way to confirm facts and to provide results 
from which to re-deduce theories. The experiments are not repeated 
in the historical order of their discovery, but advantage is taken of 
short-cuts suggested by modern knowledge. Where a fact is difficult 
of actual confirmation under school conditions, but experimental 
proofs have been repeated by distinguished chemists, the evidence 
is taken as trustworthy and the results accepted as true. The 
procedure followed resembles that of the ordinary research worker, 
who makes himself acquainted with the work already done on his 
subject and repeats crucial experiments. The exponents of the 
method claim that it inculcates the scientific method, cultivates 
the critical faculty, and encourages independence of thought. It 
is difficult to assign the origin of this way of teaching to any one 
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person. A perusal of current text-books shows that many teachers 
employ the method, and its widespread use warrants its discussion 
in some detail. 

The portion of chemistry usually selected for treatment is the 
structure of matter and the laws of combination. The distinctive 
feature of the method then becomes an attempt to deduce the 
atomic theory and the combining laws from experimental results 
obtained in the laboratory and lecture-room. The whole of the 
study converges on this object and, in its highest fonn, culminates 
in displaying the edifice of chemistry and revealing the harmonious 
simplicity of its laws. 

For the majority of students the formal study of chemistry ends 
with their school life and it is advantageous to round off the subject. 
Now the normal method has the merit of giving unity to the 
scheme of work and of allowing this rounding off. The practical 
course is no longer a medley of unconnected preparations and 
analyses, but every investigation is directed to one end. True, the 
motive, helpful in the selection of experiments and treatment of the 
results, is in the mind of the teacher only; but the pupil indirectly 
benefits. 

"No course can be considered satisfactory which does not lead up 
to the general laws of chemical combination and the explanation 
of them in terms of atoms and molecules." [N.S.E., 1918, p. 66.] 

There are two distinct ways of arriving at the atomic theory as 
an experimental deduction. In the first place, the approach may be 
made through gravimetric analysis. As many combining weights 
as possible are found—those of metals and hydrogen are the 
customary determinations—the law of equivalents is established, 
and the numerical values of the equivalents compared with that of 
hydrogen, chosen as unity. Now comes the difficulty: the connec¬ 
tion of these equivalents with the atomic weights. Many teachers 
abandon the method at this point and give the atomic weights. 
The deduction of a few atomic weights from chemical considerations 
is too difficult for junior students. The alternative, the only way 
of continuing with the method, is to determine the specific heats of 
a few suitable metals, such as copper, silver, tin, and zinc, and then 
to work on the lines of Duiong and PetiFs generalisation. At a 
teachers* discussion the writer has heard such a continuation advo¬ 
cated and described as a reasonable procedure, but his own objection 
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is that the idea of atomic heat cannot be expounded unless one 
assumes the existence of atoms and atomic weights. It must be 
remembered that Berzelius had already published a list of atomic 
weights—based on chemical considerations—before Dulong and 
Petit published their generalisation. Again, there is the difficulty 
of the atomic heat of such familiar elements as carbon and sulphur. 
Further, the determination of a series of equivalents—especially 
those involving the displacement of one metal by another—is not 
suitable for the lecture-room. The teacher must therefore use the 
results obtained by the class. Unfortunately, these results are 
obtained when manipulative skill is at its lowest pitch and an 
appreciation of accuracy has not arrived. Consequently, although 
with a small class of keen pupils the results may be highly satis¬ 
factory, they are often erratic and unreliable. The gravimetric 
approach is the one mostly used, possibly because of the simplicity 
of the determination of equivalents; but for the reasons given above 
I consider it inferior to the plan about to be outlined. 

The alternative method of approach is through the analysis of 
gaseous compounds. It has the advantage that many of the 
fundamental experiments are done in the lecture-room, and are 
therefore carried out by a competent manipulator, cognisant of 
the difficulties—and not by the inexperienced class. Of course, the 
simpler experiments are repeated by the class in the laboratory. 

In the first place the Experiments i-6 on diffusion ought to be 
done and the theory of the molecular structure of gases introduced 
to explain the phenomena. Next, as many gas-volume ratios 
as possible should be determined and Gay-Lussac’s law deduced. 
Then Avogadro’s hypothesis is given to provide an explanation of 
the numerical simplicity of the combining volumes. Meanwhile, by 
the methods of Experiments 381-398, the densities of as many gases 
as possible are found— e.g, steam, oxygen, ammonia, hydrogen 
chloride, and carbon dioxide in the laboratory; hydrogen chloride 
and the oxides of nitrogen by the teacher in the lecture-room. 

Assuming. Avogadro’s hypothesis, these densities give the relative 
weights of the several molecules. From the gas-volume analysis 
it is known that one volume of oxygen makes two volumes of 
steam, one volume of nitrogen 3delds two volumes of nitric oxide, 
and one volume of hydrogen forms two volumes of hydrogen 
chloride. In no experiment known does one volume of hydrogen or 
nitrogen ever yield more than two volumes of a gaseous compound. 
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Arguing on these lines, the molecule of hydrogen is assigned the 
weight of two units; the conception of an atom introduced as 
the smallest part into which a molecule can be divided, and the 
atomic weights of hydrogen, oxygen, nitrogen, and chlorine deduced. 
Admittedly, the atomic weight of no metal is found; but it is 
impossible in any ordinary academic course, whether school or 
university, to find all the atomic weights. It should be pointed 
out that from the determination of the vapour density of mercury 
(a difficult but not impossible experiment) its atomic weight 
may be found. It is now possible to bridge the gap between the 
Cannizzaro method of finding atomic weights and that of Dulong 
and Petit. 

A masterly exposition of the normal method is to V)e found in 
The Experimental Basis of Chemistry, by Ida Freund (1920). This 
is a work of outstanding merit, and belongs to that small class of 
text-books which all teachers should study. Before any experi¬ 
ment is begun, the whole position is surveyed, the purity of the 
materials ascertained, sources of error are noted and discussed, 
and the apparatus is designed to give the most accurate results 
possible under the prevailing conditions. F'urthermore, no con¬ 
clusion is reached as the result of one experiment. Teaching 
principles are critically discussed, helpful experiments are adequately 
described, and simple apparatus devised with which they can be 
successfully carried out. 

It must be remembered that Miss Freund's book is based on 
her instruction of university students. Nevertheless, the criticisms 
and discussions will benefit all teachers, and most of the experi¬ 
mental methods are suitable for school use. Her modification 
of Hofmann's gas-volume apparatus (see p. 371) is particularly 
happy, and has done much to lessen the difficulty of these 
determinations. 

The objections to the normal method are that young beginners 
find difficulty in interpreting the experimental results, and that 
but a small fraction of the field of chemistry is explored. Concern¬ 
ing the first point: let us consider the experimental determination 
of the composition of ammonia and the representation of the 
result by a molecular formula. The teacher may successfully 
perform experiments and the class may repeat them and be con¬ 
vinced that ammonia contains half its volume of nitrogen and 
that in ammonia one volume of nitrogen is combined with three 
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volumes of hydrogen. But many pupils grasp the result only 
when the teacher puts it into the form of an equation: that is, 
the teacher deduces the formula and builds up the equation from 
the results, and the class accept it. The molecular conceptions 
are undoubtedly difficult and require time to soak in; one recalls 
vanT Hoh's remark that he did not understand the molecular theory 
until he had to teach it. How many of us must make the same 
confession ? Accordingly, the instruction is liable to become formal 
and lifeless, 'school chemistry’ in the worst sense of the word, 
dreary for the teacher and deadening for the pupils. 

With regard to the second objection, if much time is expended 
in building up the fundamental principles little is available for 
studying the industrial applications and the chemical contacts 
with daily life. Students may be led to see the existence of law 
in the natural w^orld but learn nothing of the mighty achievements 
of chemistry or of its limitless possibilities. Many teachers giving 
a short course of chemistry would consider the time occupied in 
finding the volume of oxygen in sulphur dioxide far better employed 
in expounding the use of the latter gas in refrigerators and in the 
making and application of sodium thiosulphate. Again, they w^ould 
deplore the time s])ent in finding the volume of oxygen in carbon 
dioxide if it meant that no time could be devoted to solid carbon 
dioxide or to the significance of England’s situation on the chalk 
plain of the world. 


The Historical Method 

"No one can be really master of any science unless he studies 
its special history, which again is bound up with the general history 
of humanity." [A. Comte.] 

"By guiding a boy slowly along the path by which the truth 
was reached by him who first laid hold of it—by this method the 
learner catches the spirit of science." [Sir Michael Foster, 1899.] 

Views similar to those of Foster have been expressed by Pro¬ 
fessor W. H. Perkin, Sir William Ramsay, Professor H. A. Miers, 
and quite recently by Sir F. Gowland Hopkins. 

"The historical method of presenting chemistry appears to be 
very distinctly indicated, especially as the immediate reaction to 
biographical details is a universally recognised trait of youthful 
psychology. Who, indeed, can fail to be stirred by accounts 
of Pasteur’s romantic search for /-tartaric acid, of Priestley’s 
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discovery of oxygen, of Moissan’s isolation of fluorine? . , • The 
historical method is not, I believe, one of several equally good 
alternative schemes of teaching chemistry in schools: it is the 
only method which will effectively produce all the results at which 
it is at once our privilege and our duty to aim/* [E, J. Holm yard, 
1924.] 

A distinguished pupil of Prof. H. B. Dixon (1852-1930) wrote; 

‘*His account of the classical investigations showed how dis¬ 
coveries were made, the ideas at the back of the minds of the 
investigators, and the methods whereby they overcame difficulties. 
Personally, I found this method most inspiring, and far better than 
any exposition of the results. As he used it, the historic method 
was a splendid instrument for training research pupils, and it 
undoubtedly helped all his students.** \J.C.S., 1931, p. 3363.] 

We cannot form a clear picture of the government of our country 
unless we know its political history, and we cannot attain to an 
educationally valuable knowledge of Science unless we know also 
how that body of thought came to be what in fact it is. We must 
understand the judgments on which it has come to be based. Long 
before the days of Comte, Goethe assured us that the History of 
Science was Science itself. . . . 

If trained along historical lines from the first, the student 
will learn to recognise that Science has grown in the past by the 
operation of forces similar to those which are promoting it in the 
present, and, moreover, that Science has not only grown, but has 
also developed, and that this process of development has been so 
profoimd that the whole appearance of the body of scientific 
knowledge has been changed. This naturally leads to the attitude 
that what has happened repeatedly in the past may be expected 
to happen again, and that even what seem our most fundamental 
scientific conceptions are liable to revision. It is in this willingness 
to revise opinion that the scientific attitude is found. , . . Practical 
acquaintance with the methods of the Science is assuredly needed 
to help us to live our lives. A survey of Science that shall aid us 
in understanding our world is no less essential to make our lives 
worth living. For such a survey, historical considerations are not 
only necessary, but are implicit in the very attempt.** [C. Singer, 
Introd. to Turner's Makers of Science, 1927.} 

'*To those who would urge that .the historical method is prefer¬ 
able on the a priori ground that students of science should be made 
to retrace the paths by which discoveries have been made, the 
writer would reply that even if such a plan could be consistently 
adhered to, yet when, as is so often the case, these paths are long 
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and tedious, it is better to take the shorter way to the goal, this 
being after all a way by which the discovery might have been 
made/' [Ida Freund, 1910.] 

‘'The historical method of treatment is the death of clear 
exposition/’ [Professor R. K. Duncan, 1914.] 

“There is general agreement that significance is lost when the 
technique of the subject is stressed, including under that term all 
the meticulous details of professional training such as the classical 
or historical development. . . . 

“We try to illustrate the scientific method by the historical 
account of great discoveries. It fails of its purpose because the 
student is exterior to the illustration. A description of a scientific 
argument remains a description. ...” [Dr G. Wendt, 1931.] 

“If the historical method is adopted, the general method of the 
historical teacher must be followed. The boy must be taken back 
and immersed in the period under study, be made not only to live 
with the people of that time and in their environment, but also to 
understand the stage and state of knowledge of the time and what 
materials the investigator then had to work upon. What is the 
use of discussing Roger Bacon and his work unless a boy first under¬ 
stands something of the spirit of mediievalism—that any person 
who attempted to unravel nature’s secrets must be an emissary 
of Satan himself, and punished accordingly.” [F. W. Westaway, 
Science Tcachingy 1929.] 

The historical method of teaching chemistry is attractive in 
theory and appeals to the philosophically minded. Most of its 
advocates have been remote critics: few have drawn up a scheme 
of work or attempted to put the method into practice. Before 
proceeding further it is advisable to consider what is meant by the 
‘historical method.’ I distinguish three different aspects, for which 
I suggest the following names: (a) Biographical and Anecdotal; 
( 5 ) Recapitulatory; (c) Evolutionary. 

[a) Biographical and Anecdotal. — While the materials and 
topics under study are not necessarily considered in chronological 
order, interesting historical facts about them are incorporated and 
incidents in the lives of the discoverers are recounted. There 
is abundance of such fascinating historical matter. For example, 
consider the wars of Napoleon, his efforts to increase the industrial 
supply of nitre, and the consequent discovery of iodine: in the same 
period the ruin of the soap industry of Marseilles, and arising from 
this the production of soap cheaply by means of Le Blanc soda, 

33 
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benefiting millions of people. Again, the discovery of Epsom salts 
in the bittern of the salt manufacturers of Lymington in Hampshire 
caused the ruin of the medicinal salt industry of Epsom and Shooter's 
Hill: in turn, the discovery of the composition of magnesite and 
Epsom salts accelerated the decHne of the industry of Lymington. 
Besides such social and economic repercussions of chemical activity 
the lives of the chemists concerned never fail to arouse and sustain 
interest. It is fortunate that the chemistry of air and water should 
have engaged the attention of men of the calibre of Lavoisier and 
Priestley, whose lives, apart from their scientific achievements, 
were notably full of movement and dramatic incident. By study¬ 
ing the struggles, failures, and achievements of the early chemists, 
youth, ever responsive to the great and the heroic, absorbs something 
of the burning zeal which permeated the pioneers and itself becomes 
imbued with the spirit of science. 

Sanderson, in a method of instruction peculiarly his own, made 
much use of biography. He would have welcomed the publication 
of the diary of Faraday,^ a work calculated as none other to instil 
the scientific spirit, and giving, as nowhere else, the scientific method 
in actual operation. 

All who have used this method with young pupils know of its 
efficacy. With students beginning chemistry at a later age, and 
having but a short time to devote to the subject, the historical facts 
can well be left to their own private reading. 

With regard to the actual teaching procedure, there is no necessity 
to feel that each lesson must be historically treated or filled with 
historical allusion. As each topic is approached the teacher should 
revise and deepen his knowledge of its history; then from the full 
mind, emotionally stimulated by the teaching, the appropriate 
allusions will of themselves come out at the appropriate times. 

(b) Recapitulatory. — The historical development is made to 
control the presentation of the subject. So far as I can judge from 
published accounts, this much-lauded method has never been 
faithfully carried out in practice. Notwithstanding the simplicity 
of the experiments, who decomposes mercuric oxide with the heat 
of the sun concentrated by means of a 12-inch lens, or who passes 
steam through a 4-foot gun-barrel heated in a charcoal furnace? 
Again, in conformity with this method, the order of studying the 


* Faifaday*s Diary (7 vols.). Bell. 
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metals should run vSomewhat as follows: gold, silver, copper, iron, 
lead, zinc, tin, antimony, sodium, aluminium: a teaching sequence 
never adopted. 

Further, the history of a substance, as interpreted by the teacher, 
usually means the history of its origin—the subsequent history is 
rarely taken. The discovery of hydrogen by Cavendish in 1766 is 
surely part of the history of hydrogen; but so also is its modern 
production from natural gas and from ammonia, and its use in the 
hydrogenation of coal—with its stupendous economic importance 
and possibilities. 

Finally, the original method of preparing a material is often an 
indifferent method. In honour of Priestley we heat mercuric 
oxide to obtain oxygen, but this gas is far more easily prepared 
by heating potassium permanganate. The modern industrial 
methods of preparing oxygen and ammonia have not developed 
from the original methods, and to study the original and the series 
of discarded methods is but a hindrance, rather than a help, 
Assuredly, the glory of chemistry is in its hope for the future. 
Indeed it is possible to give too much importance to the study 
of origins; as a writer in The Times Literary Supplement stated: 

"That fallacy of origins, so tempting to an historical age, which 
makes one see nothing more in the oak than the acorn, which, a 
thousand years ago perhaps, it once was." 

When regarding a process, a conception, or a group of related 
facts, where the march of knowledge has steadily progressed and few 
blind alleys have been encountered, then the chronological develop¬ 
ment is helpful. But where there has been controversy, or no 
steady development along one path, the historical method hinders 
progress. Let him who doubts this attempt to teach * salts* or 
sulphuric acid by the historical method; in contradistinction, who 
would present the periodic system otherwise than historically ? 

For the practice of the recapitulatory method see An Introduction 
to the Study of Chemistryy by W. H. Perkin and Bevan Lean (i8g6). 
Hie authors depart from the method when it does not suit the 
teaching. The only comment I would make on this inconsistency 
would be to commend it. 

The plan of Perkin and Lean should be studied by all young 
teachers. The selection of experiments is excellent and the directions 
for carrying them out are clear. Although the laws of chemistry 
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axe established by experiment, no symbols, formulae, or equations 
are introduced. Opinions may differ on minor points, such as 
the advisability of calling a gas successively fixed air, chalk gas, 
and carbon dioxide, but these detract little from the excellent 
qualities of the book, or the worth of the method it describes. 

(c) Evolutionary. — This, the chronological development of 
chemical principles and ideas, is the best aspect of the historical 
method. Its educational worth, even for mature minds, is almost 
universally acknowledged. Such a study reveals how mistaken 
judgments, and preconceived ideas, stubbornly held, have led men 
astray, and how step by step the truth has finally emerged. 

"Scientific ideas are often very refined abstractions. To one 
not habituated to the atmosphere in which they flourish they are 
often elusive or even unintelligible. To present them for instant 
acceptance is bound to lead to misunderstandings. . . . But, if 
the reader is acquainted with the successive refinements by which 
the ideas attained their present form, they will no longer be 
ambiguous to him. To expound the history of any great scientific 
idea is not only an excellent way of making the idea clear, but it 
also shows the relations between science and other human activities." 
[Times Literary Supplement, 1923.] 

Apart from its value in affording a clear understanding of a 
theory, and a recognition of its tentative nature, the evolutionary 
method has this great merit: it serves to counter that attitude 
of mind which looks upon former views as entirely wrong, the 
offspring of prejudice and mistaken judgment, and modem ones 
as correct and final. 

"We like to be thought devotees of truth uninfluenced by 
prejudice, as open-minded and serene students of nature, free from 
presuppositions and welcoming every fact that comes within our 
ken. . . . When the errors of our predecessors are forced upon 
our notice we may lament them or be amused at them or may seek 
to excuse them, but that the same lamentations and excuses may 
some day have to be made for us we can hardly think possible." 
[Sir Oliver Lodge, Introd. to R. H. Murray's Science & Scientists 
in the Nineteenth Century, 1925.] 

Attempts to utilise this aspect of the historical method have been 
made both by school and university teachers. 

Of the American professor Edgar. Fahs Smith (1854-1928), one 
of the most inspiring teachers of the generation just passing, it is 
said: "He was very fond of theories in an historical way, but 
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■used the history of their downfall by experimental observation to 
illustrate the fallacy of theories/' ''Facts remain, theories may 
change overnight/’ was one of his favourite expressions. 

Dr E. J. Holmyard, a sturdy advocate of this method, states 
{S.S.R., 1924, 5 , 232): 

'‘Personally, I have never found any difficulty in getting a boy 
to ' believe ’ in the ' truth ’ of the sulphur-mercury theory of metals, 
to get him to abandon it for a phlogiston theory, or to abandon this 
in turn for the oxygen theory, with the result that the last theory 
is regarded by him in a very different way from that in which a 
boy looks at it who has had it taught to him dogmatically.” 

Academically, this is admirable. It teaches a boy that a theory 
is often ephemeral; that it is not necessarily the truth; but is 
the best explanation we can give from the knowledge available; 
an explanation we must be prepared to discard or modify when 
deeper knowledge shows that this is necessary. In this way he 
learns by what means the truth finally emerges or will ultimately 
be reached. 

Teachers will envy Holmyard’s success in getting a young class 
to grasp the doctrine of phlogiston—except perhaps a quite simple 
exposition of it. The attempt to apply the theory or to read it up 
in the contemporary literature—the only way of understanding 
it properly—at once brings in such terms as phlogisticated and 
dephlogisticated air, conceptions extraordinarily difficult for a 
student to apprehend and remember. 

Moreover, with an ordinary class {i.e, one of not high mental 
ability) a teacher usually finds that to increase the number of 
explanations is but to increase the subsequent confusion. Further, 
although a student is coached to see that the theory is untenable, 
he must be puzzled that it was retained, in a modified and more 
difficultly comprehended form, by men of the depth of intellect of 
Priestley and Cavendish, even when the weight-relations concerned 
were known and established. Indeed, one is constrained to believe 
that the students have done little more than accept the belief of 
the teacher.^ 

Commendable though such historical treatment may be, how little 
of elementary chemistry is susceptible to this method of attack, and 

1 This section of the book had been written before I was aware that 
H. H. Cawthorne, in Science in Edtication (1930), had criticised, but on 
different grounds, this statement of Dr Holmyard. 
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how far is it expedient, and actually possible, in the time usually 
available, to secure topical development on such lines? Two other 
conceptions at once come into the mind—^viz. the structure of matter 
and the theory of solutions* These would repay treatment by the 
historical method, but for introductory chemistry the task is difficult. 

In addition to the works already mentioned the following will 
be found helpful:— 

The Sceptical Chymist, R. Boyle. i66i. (Everyman's Library.) 

Heroes of Science — Chemists, M. M. Pattison-Muir. 1883. 

An Historical Introduction to Chemistry, T. M. Lowry. 1915- 

History of Chemistry, J. Campbell Brown. 1912. 

The Life of Priestley, T. E. Thorpe. 1902. 

Joseph Priestley, R. M. Caven. 1933. 

* The Bi-Centenary of Priestley,' J.C.S., 1933, p. 896. 

The Life of Lavoisier, J. A. Cochrane. 1931. 

Antoine Lavoisier, D. McKie. 1935. 

Makers of Chemistry, E. J, Holmyard. 1931. 

The Study of Chemical Composition, Ida Freund. 1904. 

Great Men of Science, P. Lenard. 1933. 

Science and Scientists in the Nineteenth Century, R. H. Murray. 
1925. 

The Discovery of the Elements, Mary E. Weeks. 1933. 

The Modern Method 

Teaching chemistry from the ‘physical' point of view — viz. 
incorporating many chemical phenomena into generalisations and 
so eliminating as far as possible the distinction between organic, 
inorganic, and physical chemistry—^is called by its advocates the 
‘Modern Method.' This title will be used for its brevity. 

Physical principles are the basis of chemical actions; consequently, 
by mastering these principles the study of chemistry is facilitated 
and the unity of the subject promoted. Those who adopt the 
modem method, while treating topics in any chosen order expedient 
for presentation and study, endeavour to show that chemistry is a 
series of related phenomena and not a mass of isolated facts. 

The modern method was not generally known until expounded 
and popularised by Wm. Ostwald.from 1900 onwards. Physical 
chemistry, however, was taught before that time by a few pioneers 
at British universities. Foremost among these was Professor 
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Sir James Walker (1863-1935), who had studied under van*t Hoff 
and Arrhenius and was Ostwald's first English pupil. Walker's 
Introduction to Physical Chemistry (1899), full of clear and simple 
expositions, is well known to students. Another English pioneer 
was V. H. Veley (1856-1933), who as early as 1888 was teaching 
physical chemistry at Oxford. 

The American professor W. D. Bancroft believes that chemistry 
expounded by the method of Ostwald is chemistry taught in a 
scientific manner. Furthermore, he not only stated that the 
appearance of Ostwald's book marked the beginning of a new 
pedagogical era, but he also prophesied that its influence would 
revolutionise the whole teaching of introductory chemistry. In 
view of this statement from so famous a critic as Bancroft it were 
as well to examine the mode of treatment as outlined in Ostwald's 
book, The Principles of Inorganic Chemistry (1900). 

The first three chapters contain a brief but lucid exposition of 
our fundamental conceptions in regard to matter, a statement 
of facts from which we deduce the laws of the Conservation of 
Mass and Energy, together with a discussion of the phenomena 
of combustion, 

A few words are next devoted to the elements, and then a selection 
of these, taken in an empirical! order expedient for study, is treated 
in detail. The physical chemistry is introduced as the subject 
demands, and consequently is based on facts with which the student 
is familiar. Thus the dissociation of electrolytes is discussed under 
the first acid—hydrogen chloride; and this conception simplifies the 
whole of the subsequent treatment of acids. Then, in appropriate 
positions, appear illuminating expositions of Reversibility, Mass 
Action, Catalysis, Phase Rule, Free Energy, and other such 
fundamental physical conceptions. 

As Bancroft (1900) has pointed out, physical chemistry was looked 
upon before Ostwald's time as a branch in itself rather than as a 
manner of looking at the subject. The influence of physical 
chemistry on elementary, inorganic, and organic chemistry had 
hitherto been exerted from outside. It was Ostwald who pointed 
out that in the principles discovered by van't Hoff, Arrhenius, 
Nernst, and others we had a framework uniting the whole subject. 
It was his method of study which made chemists see chemistry as 
a whole. 

Furthermore, the employment of the physico-chemical method 
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has this emotional effect—the science becomes exalted. The recog¬ 
nition that each reaction is part of some great generalisation, and 
the consequent ability to predict behaviour, raises the subject to a 
higher level and stimulates its further study. 

Strong support for the new method was soon obtained by the 
publication in America in 1906 of An Introduction to General 
Inorganic Chemistry by Alexander Smith. The issue of this book 
revolutionised methods of teaching chemistry in the United States. 
A perusal of chemistry text-books since published in that country 
has but confirmed the old adage connecting imitation and flattery. 
Smith follows Ostwald in making physical chemistry the integrating 
principle, but his treatment has a distinction of its own. Like many 
other Scottish chemists, such as Crum-Brown and Pattison-Muir, 
Smith had a flair for the philosophical. Consequently we find him 
a sturdy advocate of exact definition and precision of language, and 
his book a logical presentation of fundamental principles progres¬ 
sively repeated. He firmly held the belief that the theory should 
be expounded until it was mastered. As he said: "Such parts of 
the theory as are given . . . are illustrated and applied with all 
the persistence needed to ensure full apprehension and, ultimately, 
spontaneous employment by the student.'' He was of the opinion 
that anyone of ordinary intelligence could look up facts of descrip¬ 
tive, historical, or industrial chemistry, but that without clear 
exposition, full illustration, and frequent application the laws and 
principles could not be grasped. 

Needless to say, every teacher of chemistry should study the 
method of Smith. The writer is not aware of any published 
opposition to the teaching of general chemistry to advanced students, 
from the point of view of physical chemistry. 

The methods of Ostwald and Smith were intended for university 
students. But where, as in many schools, one teacher takes all 
the advanced chemistry, inorganic, organic, and practical work, the 
unifying influence of the modem method is undoubted. No 
longer is the practical work a thing apart from the theory of the 
lecture-room. Volumetric analysis, as the writer has attempted to 
show/ becomes an application of physical chemistry. The physico¬ 
chemical principles which form the basis of qualitative analysis 
have been expounded by Ostwald and by Stieglitz ^ and a host 

1 Volumetric Analysis, by G. Fowles {1932). 

* Elements of Qualitative Analysis, by J. Stieglitz (1911). 
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of followers, and recently T. B. Smith has treated quantitative 
analysis from this standpoint.^ 

In 1922 Sir Harold Hartley urged that the time had come to 
incorporate physical chemistry in the school course, not only in 
the advanced work but from the very beginning. Moreover,, 
he maintained that by the study of the physical basis of re¬ 
actions much of the distinction between organic and inorganic 
chemistry would be eliminated; and that quantitative analysis, 
preparations, and other forms of practical work were thus supplied 
with a unifying principle. In short, physical chemistry showed the 
principles of organisation of the whole chemical science and indicated 
the possibility of control over a vast mass of knowledge. While 
most teachers will agree with the tenets enunciated by Sir Harold 
Hartley, they will at the same time ask how the idea is to be carried 
out with pupils beginning chemistry at the age of twelve. 

Now the physical chemistry mode of treatment does not mean 
the acquisition of a mass of new facts, but a grouping and explana¬ 
tion of the old facts in a more rational way. The writer believes 
that with a class of satisfactory mental ability the method can be 
profitably employed. The teacher should steep himself in physical 
chemistry, concentrate his mind on the energy change, the condi¬ 
tions involved, and the physical basis of every action studied by the 
class, and then let the problem of presentation solve itself. Under 
the emotional stimulus of the occasion the physico-chemical inter¬ 
pretation will come out. As experience is gained, those reactions 
which lend themselves best to treatment will be emphasised and 
others omitted. Be mindful of the advice of Bancroft: '‘It is 
essential that the teacher of general chemistry should know his 
physical chemistry, but it is not essential that he should put all he 
knows into the introductory course.'' 

For helpful suggestions and practical hints on teaching by the 
modern method see W. H. Barrett, S.S.R,, 1921, 3 , 47; D. LI. 
Hammick, ibid., 1922, 3 , 113; H. G. F. Micklewright, ibid., 1924, 6, 
loi; ‘A Physical Chemistry Symposium,' 1929, 6, 254-285. 

For illuminating examples from physical chemistry linking up and 
revealing the interdependence of various branches of science read 
‘School Science: its Purpose and Scope,' by Professor J. C. Philip, 
S.S.R., 1930, 11, 177. In addition I would strongly recommend a 
study of the following books, for, in the attitude of approach to, 
1 Analytical Processes, by T. B. Smith (1929). 
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and in the philosophical treatment of, topics the authors admirably 
display the modern method: Theoretical and General Chemistry, 
by S. L. Bigelow (1912); Outlines of Chemistry, by H. J. H. Fenton 
(1910). 

The rational grouping of facts, the correlation of phenomena, 
and the teaching approaches to principles and conclusions advocated 
and illustrated in this book represent my own contribution to the 
modem method. 

Miscellaneous Objectives and Methods 

The ideas and methods already described far from exhaust the 
list of those which have been from time to time suggested. Thus 
the view is widely held that the teaching of chemistry should be 
utilitarian in outlook; widely held also is an idea sharply opposed 
to this—namely, that an endeavour should be made to extract from 
the study a discipline for the spirit. 

**The fault lies partly at the door of the teacher himself; he has 
too often taught his subject on the basis that it is of interest for 
its own sake. This may do well for the hundredth pupil, who has 
a natural or acquired liking for that particular subject, but it leaves 
the ninety-nine stone cold. Their interest can only be awakened 
when they are brought to realise that the subject has an intimate 
relation to their daily life and that its study will help them to live 
in one or the other sense of the word. A praiseworthy prejudice 
against purely utilitarian education causes many teachers to handle 
their subjects in an atmosphere of entire detachment from their 
practical applications. Chemistry in particular has suffered in this 
way.” [Professor H. V. A. Briscoe, Introd. to Thorne's Chemistry 
from an Industrial Standpoint, 1919.] 

” Science has grown out of practical lore and it has nothing to 
gain,but much to lose, by forgetting its origin.” [Professor J. Arthur 
Thomson, Introduction to Science, 1911.] 

An opposite view is held by Dr E. J. Holmyard: 

”To my mind, the chief value of a training in chemistry is the 
precise, formal, and logical character of the science, and any scheme 
which deliberately sets out to be utilitarian, in the narrow sense of 
the word, or merely 'interesting/ is blatantly immoral, and rightly 
deserves the censure it invites.” [ 5 . 5 .jR., 1924, 5 , 230.] 

The writer believes that for schools in special areas, such as those 
dependent upon agriculture, mining, or metallurgical industries, 
the giving of a distinctly utilitarian bias to the study of certain 
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topics would be beneficial to the community. For all scientists 
hope that their work will eventually relieve the poor of needless 
drudgery, of avoidable ill-health, and of occupational perils. Thus 
investigations reveal that the all too frequent explosions in coal 
mines, the bursting of gas cylinders, and similar catastrophes, are 
often due to the disregard of precautions the taking of which 
an appreciation of science would have made habitual. Assuredly 
the urge on a teacher in a coal-mining area to give special attention 
to the phenomena of combustion and explosion must be well-nigh 
irresistible. In applying their energy and intellect to the studj^^ of 
explosive phenomena the chemists of the English coal-mining 
areas. Professors Dixon, Smithells, Bone, J. Haldane, and a school 
of younger men who have caught their spirit, have set a splendid 
example. The lecture experiments of SmitheUs on combustion and 
explosion should be known to all chemists, especially to those 
teaching in mining districts. It is for the teachers of these 
districts to follow up this lead and inculcate in their pupils an 
appreciation of the knowledge gained. Salutary precautions will 
then be cheerfully and habitually taken, because their scope and 
purpose are understood; and not deliberately avoided, because 
considered as harsh rules, unnecessarily imposed. 

There are many opportunities in a chemical course of giving 
helpful and useful information on problems of health: this is a 
strong point in favour of the utilitarian point of view. 

Of the lectures of the revered American professor Edgar Fahs 
Smith it is said: 

''He invested even the simplest lecture demonstrations with 
a sense of profound significance. To him the chemical elements 
declared the glory of God and the test-tube revealed His handiwork." 
[/.C.E., 1932, 9 , 607.] 

Those who have never contemplated the teaching of chemistry 
from an ethical viewpoint would be astonished if they knew how 
widespread is the desire to do so. Many teachers, mindful of the 
decay of doctrinal religion, and unwilling to leave the mind of the 
young spiritually empty, strive to extract from the study of 
chemistry a spiritual philosophy, or a 'way of life,’ Such teachers 
believe that if the highest educational value is to be obtained from 
the study, then the things 'imponderable’ and the contacts of 
chemistry with the human spirit must not be omitted. In both 
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England and America Professor Alexander Findlay has lectured upon 
and expounded this point of view. The teacher interested should 
read his book, Chemistry in the Service of Man, and his lecture, 
delivered to the Institute of Chemistry in 1932, entitled * Science 
and the Community.' 

Much of the writing of Professor Frederick Soddy dwells on the 
same line of thought; for instance, in Science and Life (1920). 
Read also 'Responsibilities of the Science Teacher,' by W. W. 
Vaughan, S.S.R., 1920, 1 , 65, and a revealing symposium, 

1929. 6, 379. and 1931, 8, 1533. 

Little guidance can be given on this way of regarding chemistry. 
The emphasis should come as the spontaneous overflow of a full 
heart and an informed mind. It should therefore be attempted 
only by an experienced master, sure of himself, tactfully seizing his 
opportunities, of which many occur in taking an advanced course. 

The teaching of chemistry from a social and economic point 
of view remains a suggestion. But it may materialise when the 
possibility of industrial havoc consequent upon chemical advance 
is foreseen and forestalled, and when faith in the ability of science 
to meet the needs of the future is more widely held. 

♦ ♦ 

Of the foregoing teaching motives and methods it is manifestly 
impossible to reconcile the conflicting views or to appraise the 
relative worth of the principles involved. Still, a few comments, 
chiefly from the teacher's point of view, will be made. 

In the first place, it should be noted that the ideas put forward 
are the product of mature minds, who have known the end in view, 
the reason for the sequence adopted, and who can visualise the 
selected course as a coherent whole. The instruction is given to 
immature minds, to whom everything, although wonderful, is new 
and strange, and who know as much of the objective as a soldier 
going' over the top' knows of the progress of the battle. Moreover, 
the intellectual field of vision of a child is small. He is delighted 
if the result of a quantitative determination is within one per cent, 
of the accepted value, and disappointed if he has worked con¬ 
scientiously and his numbers fall below this standard. His joy 
is of the moment: that he is being conducted step by step to a 
destined goal is completely lost to him. Indeed it would appear, 
therefore, that the steady development of a well-planned course 
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is more a satisfaction to the teacher than a stimulus to the pupil. 
Secondly, most of the methods have been suggested by men of 
intellectual sincerity, dissatisfied with, and desirous of improving, 
the teaching of chemistry, but who were not teachers. Consequently, 
unacquainted with the difficulties of the problem, they generally 
assume conditions of work far removed from actuality, so that the 
suggested methods prove to be impracticable ideals. A teacher is 
handicapped by the exigencies of administration and of extraneous 
activities, and he is hindered by the size of his classes, his lack 
of help, and inadequate equipment. In addition there are other 
impediments, too well known to teachers to need enumeration, 
which break the continuity and threaten the development of a 
well-planned scheme. 

Again, a teacher is in close contact with the minds of his pupils, 
he knows their limitations, and is more aware of what is possible 
than the remote critic. For instance, in one of the proposed methods 
no lectures are to be given and no books used for the first two years. 
Apart from the doubtful doctrine of withholding knowledge, such 
a scheme is impracticable in any large day school. A keen boy 
procures books and reads on ahead of his lesson, defying all attempts 
to lead him, step by step, to a conclusion. He culls information 
from his environment, he visits the public library, and enlightens 
his teacher on new industrial processes; he performs experiments at 
home, and punctuates his notes with equations long before equations 
have been formally introduced. 

A young teacher hearing the contending voices may well think 
that chaos has come again. But when it is remembered that 
these seemingly antagonistic views are well-meant suggestions for 
improving the teaching of chemistry it will be seen that they are 
allies and not enemies. Too long has the study of chemistry been 
dismissed as the memorising of a mass of disconnected facts, and 
its practice regarded as an alternation of stinks and bangs. Any 
advance in the teaching which exalts the science by revealing 
its true greatness has a stimulating effect on the teacher and the 
taught. Consequently, it is incumbent on the teacher to welcome 
criticism, to examine the various ideas put forward, and to find out, 
within the compass of his conditions, what can be done in actual 
practice. Admittedly, it cannot be claimed that the best teaching 
method has yet been discovered; or, that any one method contains 
all the good points. According to a man’s scholarship, whether 
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he be geologist, botanist, historian, so will his knowledge tinge his 
teaching, and from the fullness of his mind will he bring forth 
illustrations and examples and call attention to correlations and 
affinities unknown to the less-informed man; according to his 
technical skill and his resourcefulness, so will he devise new 
experiments or modify existing ones to meet the requirements of 
his work. A teacher may therefore follow one of the methods 
herein described, a composite method, or a plan entirely his own. 
That there is no standard method is a source of strength to a teacher 
who cherishes his own individuality. 

**The very last thing we should wish is to lay down a hard and 
fast rule which would stereotype science teaching throughout the 
country. We think it esscnti^ that the teacher should be allowed 
as much freedom as possible in his choice of method, and that he 
will probably get the best results with the one which he himself 
prefers.'' [N.S,E., 1918, p. 59.] 

Finally, nothing emerges more clearly from a study of the fore¬ 
going methods than the constant need of re-examining our motives, 
refashioning our ideas of what to teach and how to teach it, re¬ 
arranging the subject-matter, retaining the best of the old and 
incorporating the best of the new, and occasionally rebuilding the 
entire curriculum. Perhaps in no other branch of science is there 
more scope for daring innovation in the presentation of the subject 
or more opportunity of exploring the interface of science and life. 

The following appreciations give an indication of the technique 
of distinguished lecturers:— 

Sir Humphry Davy (1778-1829) 

‘*He commonly wrote his lectures the day before he delivered 
them. He was always master of his subject, and composed with 
great rapidity and with a security of his powers never failing him. 
Latterly he trusted a good deal to notes, and, excepting on par¬ 
ticular occasions, wrote little more than the parts which he wished 
to make most impressive. It was almost an invariable rule with 
him, the evening before, to rehearse his lecture in the presence of 
his assistants, the preparations having been made and everything 
in readiness for the experiments; and this he did, not only with a 
view to the success of the experiments and the dexterity of his 
assistants, but also in regard to his o\yn discourse, the effect of which, 
he knew, depended on the manner in which it was delivered. He 
used, I remember at this recital, to mark the words which required 
emphasis, and study the effect of intonation, often repeating a 
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passage two or three different times to witness the difference of 
effect of variations in the voice. His manner was perfectly natural, 
animated, and energetic, but not in the least theatrical—he spoke 
as if devoted to his subject. . . . His experiments were devised on 
the same principle, not of amusing and pleasing, but of illustrat¬ 
ing his discourse, and demonstrating either important properties of 
bodies or principles of the chemical action of bodies; he took every 
care that they should not appear to have been introduced for show 
and to excite merely wonder, even when most brilliant and wonder¬ 
ful.'* [Memoirs of Sir Humphry Davy, 1839, 1, 92, by John Davy.] 

T. H. Huxley (1825-1895) 

'‘We had watched Huxley embroider his blackboard most 
exquisitely with chalks of varied hue, the while he talked like a 
book, with absolute precision in chosen words, so easily that we 
were hypnotised by his basilisk artistry into the absurd belief that 
we were learning; in fact, we were just being told, allowed to have 
no doubts, with no time to think. He was a marvellous exponent, 
therefore a bad teacher, as are all who are eloquent." 

[H. E. Armstrong, 1933.] 

F. W. Westaway (1929), another pupil of Huxley, is equally 
appreciative of the teaching of his master—an appreciation not 
tempered by the doubt of the efficacy of his methods, which affects 
Professor Armstrong. 

"So far as I know, Huxley never taught in a school, but those of 
us who sat under him as a lecturer never hesitated to say that he 
was the most brilliant teacher we have ever known. His lucidity 
of exposition was extraordinary, Huxley's pupils were active and 
not merely passive listeners; they learnt. They could not but learn, 
for Huxley was a bom teacher, and the machinery of his method 
counted for little. His method embodied, in its spirit and mode 
of presentation, the true principles of scientific method. His 
scheme was an ever-ramifying logical development from facts 
already familiar to the learner." [Science Teaching, 1929.] 

Sir James Dewar (1842-1923) 

"In his lectures ^ he never failed to grip his audience, not by his 
eloquence nor by the clearness of his exposition—actually he was 
difficult to follow—but by the extraordinary display he made of 
experimental illustrations which fascinated by their elegance and 
originality. Faraday took pains, but he handled simpler themes. 
Dewar took more than pains. The stock illustrations made no 

^ The famous Friday evening lectures at the Royal Institution. 
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appeal to him, but he developed lecture-demonstration to a fine art. 
In the course of sixty years I have listened to all the great lecturers 
on Friday evenings ^—others may have told their story more 
clearly, more convincingly; but no one has ever approached him 
in the calculated perfection of his illustrations. He regarded the 
lecture as an artistic performance, to be staged with absolute fore¬ 
thought and utmost care, provided witli original scenery and all 
necessary appointments, without count of cost. He had the same 
ambition in the Royal Institution lectures that his friend Irving, 
the great actor, had on the Lyceum stage. The accounts on record 
give but the faintest idea of the performances we witnessed.’* 
[H. E. Armstrong, 1928, p. 1070.] 

Sir William Ramsay (1852-1916) 

''After an interval of thirty years my general impressions of Sir 
William Ramsay are still quite clear. I attended his lectures to 
first-year students at University College, London. For lucidity and 
interest they were unequalled. His entry was punctual and, after 
attending to registration, he expected to proceed without interrup¬ 
tion. It was uncommon for a student to come late, and the 
delinquent was addressed with a directness which was entirely 
effective. He lectured in a conversational way, and gave a clear 
exposition of the framework of the matter in hand with sufficient 
illustration and suggestion to enable the details to be filled in. 
Experiments were not numerous but illustrated special points, 
and were usually such as would not be performed by the student in 
the laboratory. They were carried out in a masterly way and never 
failed. Ramsay had a store of anecdotes derived mainly from his 
own experiences. Selections from this store he related frequently 
with that genial twinkle of the eye which was very characteristic 
of him. I think he had a penchant for the spectacular, for he carried 
out a performance of some previously prepared show (such as can 
be done with nitrogen iodide) with obvious delight. He occasion¬ 
ally, but not invariably, questioned on the subject of the lecture." 

I am indebted to my colleague, F. Jackson, M.A., for the above 
appreciation of Sir WiUiam Ramsay. 

W. H. Perkin (1860-1929) 

"When the late W. H. Perkin was at the height of his career he 
lectured at 9.30 a.m., arriving at the laboratory at 8.30 a.m. in 
order to supervise his assistant's arrangements of the lecture-table. 
These elementary lectures were profusely illustrated by experiments, 

^ The famous Friday evening lectures at the Royal Institution. 



DISTINGUISHED LECTURERS 529 

and in their preparation and delivery Perkin took extreme care. 
He wrote them out word for word as delivered, and before entering 
the lecture-room he spent some time memorising them for delivery 
and sketching anew such formulae as he wanted for blackboard 
illustration. Perkin took his lectures very seriously and expended 
considerable nervous energy on them. They were kept fully up to 
date; his easy mode of delivery and the logical order of formulae 
and other details made them almost ideal. It is here that he 
excelled in the little comparisons or summaries of salient properties 
which he presented, and as a prelude to which he invariably 
announced, ‘ Let us now make a little table ’; in these every possible 
analogy was carefully collated and explained. In the advanced 
class his lectures covered with great clearness of treatment the more 
conspicuous researches on a selected group of products, and also 
dealt with important synthetic methods. He developed a habit 
which had the effect of impressing students with the intimacy 
between his lectures and the original papers themselves—this was 
achieved by some such phrase as ' I was reading again Victor Meyer^s 
original paper on the subject last night.' The only fault that 
could be urged against the lectures was that they made organic 
chemistry appear too easy." 

[A, J. Greenaway, /.C. 5 ., 1932, special volume, p. 22.] 

H. J. H. Fenton (1854-1929) 

Fenton's lectures were for many years an outstanding feature 
in the instruction given in the University Laboratory.^ He took 
immense pains in their preparation, and although in lecturing he 
affected an air of indifference and a somewhat indolent manner, 
actually he delivered them with very great care, and he was extra¬ 
ordinarily successful in stimulating the interest of the abler men. 
He scrupulously avoided dogmatism. He endeavoured, so far as 
possible, to present each subject as a debatable question on which 
there were diverse views to be discussed, to balance the evidence 
for and against every inference, and to induce his hearers to use 
their own judgment and draw their own conclusions. The value of 
his lectures was greatly enhanced by the informal discussions which 
he encouraged: at the close of every lecture a number of eager young 
men would come down to the lecture-table and engage with him in 
discussion, often prolonged, of the subjects in which he had aroused 
their interest. Those who brought their difficulties to him found 
him unexpectedly sympathetic, and he would deal exceedingly 
gently with one who aisked a thoughtless or an ill-considered 
question," [W. H. M., J.CS., 1930, p. 890.] 


* Cambridge. 
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Joseph Black (1721-1799) 

“ His style of lecturing was as nearly perfect as can well be 
conceived ; for it had all the simplicity which is so entirely suited 
to scientific discourse, while it partook largely of the elegance 
which characterized all he said or did. . . . But still less can the 
reader rise from the perusal to any conception of the manner. 
Nothing could be more suited to the occasion ; it was perfect 
philosophical calmness ; there was no effort ; it was an easy and 
graceful conversation. The voice was low but perfectly distinct 
and audible through the whole of a large hall crowded in every part 
with mutely attentive listeners ; it was never forced at all any 
more than were the motions of the hands, but it was anything 
rather than monotonous. Perfect elegance as well as repose was 
the phrase by which every hearer and spectator naturally, and as 
if by common consent, described the whole delivery. ... In one 
department of his lecture he exceeded any I have ever known, 
the neatness and unvarying success with which all the manipula¬ 
tions of his experiments were performed. His correct eye and 
steady hand contributed to the one ; his admirable precautions, 
foreseeing and providing for every emergency, secured the other.’' 

[Lord Brougham in his Lives of Men of Letters and Science 
who flourished in the time of George III, 1845, p. 345 seq.] 

* ♦ * 

Keeping Abreast of the Times 

The rapid advances in factual knowledge and in experimental 
technique alter comparatively slowly the face of chemistry. Far 
more epoch-making are the revolutionary changes produced by 
advances in instrumental and technical design, such as the use 
of high pressures in industry and of the invention of powerful 
apparatus exemplified by Bragg's X-ray spectrometer and the ultra¬ 
microscope. Similarly with each successful application of specu¬ 
lative philosophy and mathematical analysis chemistry marches 
forward with mighty strides. 

Contrary to a prevalent idea, these new discoveries add to the 
ease and not to the difficulty of the elementary exposition of 
chemistry. New reagents and improved materials for apparatus 
permit of reactions being carried out hitherto impossible in the 
lesson period. New theories and mew conceptions suggest better 
approaches to principles and generalisations, and often bring 
illuminating explanations of old difficulties. Moreover, the study 
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of a growing science has a fascination and brings an appeal of its 
own. It is almost impossible for either teacher or class to learn 
of the great scientihc achievements of to-day with their stupendous 
and ominous economic and sociologic consequences, and to dream 
of the greater possibilities of to-morrow, without being duly 
impressed and emotionally stirred. It may be that the awareness 
that finality in scientific achievement can never be reached will 
prepare the mind to accept the inevitable changes and adapt 
the circumstances of life to them. Certainly the new knowledge 
adds zest to the teaching, but it is a constant tax on the resource¬ 
fulness of the teacher to keep abreast of the times and to devise 
experiments to meet the new needs. 

The teacher of introductory chemistry may think that progress 
on the frontiers of the science has little concern for him whose work 
is with the fundamentals. This I believe to be a mistaken idea. 
The new knowledge has given the fundamental conceptions 
staggering blows. The atomic theory is now a reality. The 
recognition of heavy water and of the isotopes of hydrogen and 
of oxygen have shaken our faith in standards hitherto considered 
immutable. Certain chemists no longer believe in the laws of 
multiple and reciprocal proportions, while others disbelieve in the 
indestructibility of matter.^ Furthermore, every conspicuous 
advance shifts the centre of importance and emphasis and brings 
principles and conceptions into prominence which yesterday were 
remote. 

Although, therefore, a teacher may be working to a prescribed 
syllabus he must still meet the challenge of the new knowledge. 
For whatever the contents of the syllabus—which are but its dry 
bones—the order, the emphasis, the selection of properties, and 
the depth of treatment are wholly in his hands. Consider a syllabus 
in which the terms catalysis, colloids, and combustion may have 
stood for forty years, and imagine the progressive and different 
treatment possible. Catalysis could be treated as the curious 
remote phenomenon it was forty years ago, or exhibited as one 
of the pillars of modern civilisation it certainly is to-day. The 

1 Sec The Principles of Chemistry, Dootson and Berry (1927); U. R. Evans, 
Science Progress, 1935, 29, 395; W. D. Bancroft, J.P.C., igio, 14, 374; Sir 
Oliver Lodge, Science and Human Progress (1926). 

(It is the existence of many alloys known to be definite compounds that 
upsets the laws of multiple and reciprocal proportions. I would suggest 
meeting this difficulty by restricting these laws to electrolytes.) 
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treatment of the colloidal state might be hmited to the study of 
a form of silicic acid, or shown to be a state of matter of supreme 
importance, pervading all the material sciences, providing new 
explanations of old difficulties and giving rise to new industries. 

It is obvious that effectually to teach a rapidly expanding and 
ever-growing science, and to see new developments and conceptions 
in just proportion, a teacher must be constantly studying his 
subject. It is a good plan regularly to scan a few special periodicals, 
such as Nature, The School Science Review, The Chemical Age, and 
The Journal of Chemical Education: note the emphasis of the 
leading articles and the opinions of reviewers, and follow up any 
matter of interest by consulting special works on the subject. 

The Journal of Chemical Education, the official organ of the 
educational section of the American Chemical Society, is issued 
monthly. The Editor-in-Chief, O. Reinmuth, is assisted by 
numerous departmental, contributing, and foreign editors, in addi¬ 
tion to abstractors. 

The annual subscription for residents in England in 1936 was 
four dollars. The official address is 20th and Northampton Streets, 
Easton, Pa., U.S.A. 

The journal is well iUustrated,and the most distinguished American 
chemists, from both school and university, contribute to its columns. 
It is undoubtedly at the present time the best p)eriodical in 
existence dealing with instructional chemistry. 

Another good plan is to form the habit of purchasing every 
year, for the private shelf or the library, one or more books of 
chemistry of outstanding merit, selecting as far as possible works 
devoted to different branches of the subject. Thus a teacher 
following this practice in the decade 1920-1930 might have on his 
shelf most, or all, of the following:— 

Applied Colloid Chemistry, W. D. Bancroft. 1921. 

The Determination of Hydrogen Ions, W. M. Clarke. 1920. 

The Elements of Colloidal Chemistry, H. Freundlich. 1925. 

Analytical Processes, T. B. Smith. 1929. 

A Study of Crystals, T. V. Barker. 1930. 

The Art and Principles of Chemistry, H. E. Armstrong. 1927. 

A new edition of one of the text-books by Partington, Mellor, 
Lowry, Philbrick and Holmyard, Sherwood Taylor, or Alexander 
Smith, 



KEEPING ABREAST OF THE TIMES 688 

Chemistry in Modern Life, S. Arrhenius. 1923. 

Inorganic Chemistry, F. Ephraim. 1926. 

Chemistry in the World's Work, H. E. Howe. 1927. 

The Electronic Theory of Valency, N. V. Sidgwick. 1927. 

In this way a library would be formed containing a wonderful 
wealth of recent chemistry, full of inspiration and suggestions for 
the improvement of lessons. 

Again, much advantage accrues from being a member of a society 
such as the Science Masters’ Association or the Association of 
Women Science Teachers, which exists for the furtherance of 
teaching science. The School Science Review (edited by G. H. J. 
Adlam, O.B.E.), a joint pubhcation of the above two societies, appears 
quarterly. It contains articles by members and outside specialists, 
descriptions of new apparatus and experiments and reviews of 
books. The correspondence columns are especially valuable to 
those in small or remote schools who have little opportunity of 
discussing their difficulties. It is also helpful to be a member 
of a learned society such as the Chemical Society or the Faraday 
Society, whose chief activity is the publication of research work. 
Thus the Chemical Society (headquarters, Burlington House, 
Piccadilly, London) aims at encouraging the development of 
chemistry in all its branches, and at providing a regular and com¬ 
plete record of advances in chemical knowledge. The library of 
the society contains the finest collection of chemical literature in 
existence, and is especially rich in rare books of historical importance. 
The seeker after information will find in the librarian and his 
efficient staff an ever-willing help. This timely help is especially 
welcome to the busy teacher desirous of extracting historical data, 
or of learning where the best information on some subject is most 
likely to be found. 

The Journal, issued monthly, is the main publication of the 
society, but it may be confessed that from a teacher’s point of 
view most of the original papers are so condensed, and deal with 
subjects so specialised and so far removed from elementary chemistry, 
as to be seldom helpful. Still, the special lectures in which dis¬ 
tinguished scholars who have made a deep study of some subject 
give a critical review of the present state of knowledge of that 
subject, are well worthy of study. The Faraday Lectures and the 
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Memorial Addresses on distinguished chemists will repay perusal. 
The Faraday Lectures have been collected and published as a 
separate volume, and as the matter accumulates the Memorial 
Lectures are likewise collected and published; three volumes 
having already been issued. These are to be commended for the 
library shelf of the advanced course or for school prizes. But for 
helpful, interesting, and unexpected information, the teacher is 
advised to read the smaller obituary notices. The writers are 
usually distinguished pupils of the departed master and are them¬ 
selves eminent chemists; consequently the records are warmly 
appreciative, delightfully reminiscent, and not only abound in a 
wealth of information, unobtainable elsewhere, but also contain 
illuminating explanations of difficult matters. 

Every teacher of chemistry ought to read the Hofmann Memorial 
Lectures. The life of the elder Perkin by Meldola gives a fine 
account of the beginning of the coal-tar dye industry and of 
the difficulties in preparing oleum; similarly, the life of Baeyer 
by the younger Perkin introduces us to the synthesis of indigo; 
while the life of Werner by Professor Morgan contains the most 
lucid explanation of the co-ordination theory that I have so 
far met. These are only examples: the reader must delve for 
himself, but for teachers the following lives are of extraordinary 
interest:— 

W. H. Perkin, sen. (1908); E. Sonstadt (1909); W. V. Spring 
(1913); H. E. Roscoe (1915); R. Meldola, T. Purdie, W. Ramsay 
(1917); Ludwig Mond (1918); S. Lupton, J. J. T. Schlossing, 

G. Carey-Foster (1919); A. Werner, A. G. V. Harcourt, W. Crookes 
(1920); W. Odling (1921); Adrian and Horace Brown (1922); 
A. Crum-Brown (1923); G. Komer, G. D. Liveing (1925); G. 
Ciamician, T. E. Thorpe (1926); W. Tilden (1927); J. Dewar, 

H. R. Proctor (1928); J. Tcherniac (1929); H. J. H. Fenton (1930); 
K. J. P. Orton, H. B. Dixon (1931); Wm. Ostwald (1933). 

The brackets enclose the date of publication of the volumes con¬ 
taining the obituary notices. It would be helpful to teachers if 
the Chemical Society published in a special volume a selection of 
these lives. 

A much younger society—the Faraday Society—established 
in 1903, caters chiefly for physical chemists. The secretary is 
G. S. W. Marlow, 13 South Square, Gray’s Inn, London, W.C. i. 
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In addition to keeping up his reading some authorities contend 
that a teacher ouglit to be engaged in original research. 

k teacher of chemistry who has no originality will hardly be 
successful, even though he may possess a very wide knowledge of 
what has already been done in the past. He will have little 
enthusiasm for his subject, and will continue to teach on the lines 
laid down by the text-books of his day, without himself materially 
improving the existing methods; and, above all, he will be unable, 
and will have no desire, to add to our store of knowledge by original 
investigation.” [W. H. Perkin, 1900.] 

”The teacher of ‘science,' as a part of ‘general' education, who 
has never attempted to add to the body of his science, is not likely 
to help a future scientist during his school years.” [Graham Wallas, 
1926.] 

“As a body, the Science Masters in our schools are sterile—if 
they had the mentality to experiment and any power of thinking 
for themselves, they could not fail to do much original work: the 
urge upon them would be irresistible, as it is in all upon whom a 
scientific afflatus has once descended.” [H. E. Armstrong, 1932.] 

Despite the above statements, it must not be concluded that to 
keep abreast of the times a teacher must be constantly engaged 
in research. Indeed, if this practice were deemed essential, most 
school teachers would be foredoomed failures. Let it be re¬ 
membered that the authors were bringing forward opinions from 
the background of a teaching ideal. For instance Armstrong, 
writing earlier in commemoration of Hofmann, than whom the 
nineteenth century scarcely produced a more brilliant chemist, 
said: “ Manual dexterity was his weak point; he would state that 
all his fingers were thumbs.” Again, Perkin's insistence on 
originality is probably overstated. It is doubtful whether originality 
can be acquired, although by striving all may become resourceful. 
According to Ludovici women lack originality, yet their patience 
and finger dexterity, most helpful in the art of chemistry, are 
universally acknowledged. 

“To discover and to teach are two distinct functions; they are 
also distinct gifts, and are not commonly found united in the same 
person. He, too, who spends his day in dispensing his existing 
knowledge to all comers is unlikely to have leisure or energy to 
acquire new.” [J. H. Newman, Ideas of a University (1852).] 
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Surely Perkin has overlooked that, while few are original, many 
may be good copyists. As a brilliant and inspiring schoolmaster 
(Canon J. M. Wilson) wrote in 1867: 

There is a special charm, indeed, and stimulating power in 
original research, in exploring new regions; but there are splendid 
ideas, magnificent points of view, which, though others have 
reached them before, yet to attain is a lifelong pleasure.'' 

Nevertheless, it is exceedingly helpful for a teacher to keep a 
small piece of research work going. The work need not be ambitious 
—few teachers are so situated as to be able to compete with the 
university research worker. 

At the same time it is a mistaken idea to think that the research 
must deal with topics so remote from elementary work as the pre¬ 
paration of one more of the 10^® possible derivations of triphenyl- 
methane, or of the investigation of yet another three-component 
system. There is plenty of scope for research on topics within the 
compass of introductory chemistry. 

In the journals and abstracts of the Chemical Society published 
during the last forty years there are hundreds of methods of 
preparation and of reactions, any of which might well make the 
subject of an investigation from the point of view of its suitability 
for instructional chemistry. Furthermore, new processes such as 
flotation in metallurgy and new applications of catalysts, need ex¬ 
periments to illustrate them. The increasing development of the 
science of colloids ought specially to be watched, for this science 
affects cooking, medicine, metallurgy, agriculture, biology, besides 
pure chemistry, and simple ways of illustrating the more important 
and fundamental phenomena are much needed. 

Those not enamoured of a research involving much practical 
work could study the life of a chemist or the history of an industrial 
process. The biographies of distinguished men such as Lavoisier 
and Priestley have been well written, but the lives and achievements 
of others, in Fame’s twilight, should repay investigation. A man 
in the Midlands might study the life of Withering,^ the distinguished 
eighteenth-century chemist and physician who introduced digitalis 
into medical practice; a dweller on the coast could study the 
extraction of salts from the sea, the utilisation of seaweed, and 
the rise and decay of the salt industry, such as that of Lymington 

^ A life of Withering, dealing mainly with his medical achievements, by 
Commander Louis H. Roddis of the U.S. Navy, was published in 1936 while 
this book was going through the press. 
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in Hampshire. Such quests have a utilitarian value for school 
work and for an occasional outside lecture. They are particularly 
serviceable to those who find themselves obliged to teach only the 
most elementary work: for the demands of the research drive 
the student pleasantly to out-of-the-way books and original papers, 
often with surprising sidelights on his lessons. The necessity of 
checking the calibration of apparatus and of testing the purity of 
materials keeps the hands in practice and the knowledge fresh. 
Moreover, such pursuits provide real intellectual enjoyment. They 
lift the teaching to a higher intellectual level, help to avert mental 
stagnation, and provide an avenue of retreat from routine work 
and the cares of life. 

Admittedly, a teacher who is adding to the accumulated know¬ 
ledge of his subject, and thus learning at first hand the method of 
discovery, is better for the effort he is making. Still, not many 
teachers have the ability to initiate new experiments, let alone the 
time and opportunity to practise and perfect them. Many qualities 
go to the making of the ideal teacher, and it is acknowledged that 
ability to undertake a research should be one. Yet the main func¬ 
tion of the teacher is to interpret and to expound the established 
facts and principles of science, to initiate the pupils in the practice 
and to arouse in them the spirit of the pioneers. The teacher 
must therefore be both a scholar and a craftsman. He must steep 
himself in his subject in order to give point to his lessons. He must 
cultivate a critical judgment to sift the essentials from the ever- 
increasing output of new matter, and to know among the new 
methods, conceptions, and generalisations where selection should 
be made and where emphasis should be placed. He must endeavour 
to keep fresh his knowledge of physics, biology, mathematics, and 
other sciences ancillary to chemistry. Above all, he must himself 
be imbued with the spirit of science and, in the vivid language of 
Armstrong, must ‘burn with the holy fire of chemistry,' 

For the steady expansion of chemistry within its own domain, 
and the unceasing flow of contributions from border-line sciences, 
make it all the more necessary to sustain scholarship in order either 
to frame an adequate introductory course, or to give an enlightened 
interpretation of a prescribed syllabus. It is not to be expected 
that while a subject is thus ever growing and developing, its method 
of presentation should remain stationary. A man's teaching is 
the product of his knowledge, his ideals, and the aspirations of his 
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day. Accordingly, as these factors vary, so should the teaching be 
reorientated towards new and better ideas. Assuredly chemistry 
is a great subject. Already there are mighty achievements to its 
credit; ahead, the possibilities are limitless. Its method of study 
displays to the world the finest instrument ever forged for the 
solution of problems. Surely, therefore, the study of its adequate 
presentation is a worthy task. 

Efforts made in this direction, whether they take the form of 
trying out the suggestions of others or of devising a presentation 
of his own, have a stimulating effect upon the teacher; they not 
only delay the stagnation which sets in when, ‘worked out,' he 
stereotypes his lessons and no longer responds to fresh discoveries 
and fresh ideas, but, further, they provide him with an activity 
worthy of the sacrifice of his time and the service of his intellect. 


Note-taking 

What notes of lessons or lectures should be taken, how they 
should be made, to say nothing of their correction, have always been 
vexed questions for the science teacher. My own opinion is that 
definite instruction in note-taking should be given, in amount and 
in degree, diminishing with the increasing proficiency of the class. 
Thus, while young beginners should receive perhaps ninety per 
cent, of help, the seniors of the advanced course should have 
acquired the ability of making their notes without assistance. 
Note-taking becomes then a valuable discipline of itself, requiring 
discriminating selection and adequate expression while nurturing 
the critical judgment. 

Considerable help should be given to children of the age of eleven 
or twelve. Anyone, other than the exceptionally gifted, who has 
attempted to write an article or a book will have sympathy with 
young pupils, who are not only confronted with terms and names 
new and strange, but who are also expected to weave them into 
composition. Where the note-taking consumes much time—as it 
usually does with a young class—relief may sometimes be obtained 
by omitting the notes when the experiment closely follows the text¬ 
book, or accepting in place of the notes a well-labelled sketch of the 
apparatus. Dictation of notes should be done sparingly, and should 
be limited to definitions and an occasional model description. 

By the time the pupils reach the age of fourteen or fifteen they 
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may be trained to write their own composition from suggestions 
and skeleton outlines and hints supplied by the teacher. One or 
two standard ways of describing an experiment may be indicated 
for the benefit of the slower members of the class; but as familiarity 
with the subject and facility with note-taking increases, the sugges¬ 
tions and skeleton notes arc diminished. 

My own plan is to have a few of the efforts read out and criticised. 
All amend their notes in light of the criticisms; thus while the notes 
are a combined effort of the teacher and the class, each has an 
individuality of its own. 

Any account which successfully breaks away from the standard 
method, or which contains some telling phrase, improving on the 
teacher's, should be specially commended as being an individual 
creation, and therefore a higher level of effort, suggesting a goal to 
which all should strive. 

Thus trained, the pupils should be fitted to take notes almost 
by their own efforts when they have reached the Matriculation 
stage. 

Thereafter I give this amount of help. I announce to the class the 
subject of the lesson or a series of lessons, and give the sub-headings 
into which, for clearness of exposition and apprehension, I have 
divided the matter. This prevents a pupil entirely losing his way 
when making notes. I call attention to any points of emphasis 
which ought to be noted, and pause occasionally to provide time 
for the notes to be taken. 

The student submits for inspection a fair copy of the notes, 
amended and enlarged if necessary by consulting a text-book. I 
call attention to omissions, point out matter which is merely in¬ 
teresting and need not have been recorded, and what matter is 
of paramount importance. The paraphrasing of matter well 
treated in the text-book is deprecated. (Yet some latitude should 
be allowed here. One of the writer's pupils, now a distinguished 
man, begged permission to make such paraphrases, stating that 
only thus could he learn the subject.) The marking is arduous at 
first, but becomes easier as the pupils improve in critical judgment 
and in the selection of what is essential. 

For some further helpful hints on note-taking see Westaway, 
loc. cit., pp. 113-116; O. H. Latter, S.S.R., 1922, 4 , 95; R. C. D., 
ibid,, 1922, 4 , 96. A temperately discussed and exhaustive treat¬ 
ment of this question will be found in a scholarly little book. Hints 
on Notemaking in Science and Mathematics, by R. T. Hughes, 1925. 
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MECHANICAL AIDS TO LECTURING 

Mechanical aids consist chiefly of contrivances to increase the 
visibility of experiments and to project images of illustrative matter 
on a screen. Projection apparatus, such as optical lanterns, 
episcopes, epidiascopes, and microprojectors are familiar items in 
the catalogues of scientific instrument makers and need no detailed 
description. Their use in teaching will be considered. 

The Optical Lantern.—The use of the carbon arc as illuminant 
in lanterns is obsolescent; likewise the limelight except for schools 
having no lighting circuit. The advent of the filament projector 
lamp, which can be used in any lantern, has revolutionised 
lantern technique. No longer is there an arc requiring frequent 
attention, or a transformer with its odour and distracting noise. 
If the lantern is in position it is only necessary to turn on the 
switch, insert the slide, and in less than thirty seconds after deciding 
to use the lantern the picture is on the screen. It is advisable 
to have the lantern always in position, ready for use, either at or 
near the end of the bench, or, if the location of the screen requires 
it, on a special stand apart from the bench. 

Slides.—Probably a teacher's greatest difficulty in lantern work 
is the task of procuring a supply of slides. Sets may be purchased 
from firms which specialise in slide production; many sets may 
be obtained on loan, usually at the cost of carriage. 

The Science Museum, South Kensington, London, S.W. 7, lends 
slides to schools recognised by the Board of Education. A printed 
list of slides is available, and application should be made to the 
Director at the above address. 

The Institute of Chemistry keeps a collection of slides which is 
lent to Associates and FeUows. 

The Research Association of British Rubber Manufacturers— 
2-4 Idol Lane, Eastcheap, London, E.C. 3—has a large loan 
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collection of slides many of which are of chemical interest. An 
information circular containing details of the slides is issued. 

The London Gas Light and Coke Company lends free to teachers 
slides illustrative of the manufacture of sulphuric acid by the 
chamber process. Application should be made to W. G. Adam, 
Tar and Ammonia Works, Beckton, East Ham, London, E. 6. 

Many teachers like to make their own slides; albeit the prepara¬ 
tion of a slide by taking a photograph and printing out on glass 
not only requires practice but also entails an expenditure of much 
time and labour. But diagrammatic and line-work slides are far 
more easy to make; moreover, in many respects they arc superior 
to photographic slides. There are several kinds of such slides. 

(a) Ground-glass Slides. (Dr Dallinger, 1880.) 

Blank glass slides having one side ground may be purchased. 
Draw on the roughened side with a hard and fine-pointed pencil. 
Finally coat the worked surface with Canada balsam and so make 
the glass more transparent. If desired the drawing may be lightly 
tinted with colours. 

(b) Smoke Slides. (W. J. Lineham, 1904.) 

A drawing is made with a finely pointed instrument on a smoked- 
^lass slide. The treated surface is protected with a cover-glass 
so affixed that a small air space separates the slides. In that no 
light is stopped the smoke slides of Lineham are a great improve¬ 
ment on those of ground glass. The background of soot makes a 
perfect light absorber, while the lines of the picture are perfectly 
clear glass. Accordingly, a result is produced impossible by 
photographic means. Actually a picture may be plainly seen on 
the screen, even when ample light for students* use is left in the 
room. The following account of the preparation of smoke slides 
is abbreviated from an article by Lineham in Technics for 1904. 
The finest quedity of cover-glasses should be used for making the 
slides. As a holder for the glass during the smoking process, cut a 
piece of wood to the shape of a child*s bat, making the blade about 
5 by 10 inches. Wood is preferable to everything else tried as a 
holder, since it retains heat long enough to allow the glass to cool 
slowly. Clamp the slide loosely on the blade of the bat by means 
of four drawing-pins. To do this insert a pin close to the middle 
of each edge of the slide. Now pass the glassed side of the holder 
to and fro over a batswing flame, first slowly lengthwise then slowly 
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crosswise, about eight times each way. The exact number of times 
must be found by trial. The smoke on the glass should be darkish 
brown but not black when viewed by transmitted light. The 
smoking should be completed in one heating, for a rugged smoke 
is produced if a second coating is applied after the first has cooled. 
To draw on the cooled slide, support it in the square recess of a 
retouching desk. An ordinary steel crochet needle with a sharpened 
point makes a satisfactory drawing instrument. Stand the re¬ 
touching desk on a large sheet of white paper so that light is reflected 
through the slide. Clean a second glass as a cover and gum a 
border or packing of thin card J inch wide all round the edge. This 
packing prevents the two glasses from touching. Place the glasses 
together so that the smoked surface and the packing are in contact, 
and fasten the pair with a metal binder. 

(c) Varnish Slides. (W. J. Lineham, 1904.) 

Varnish slides were described by Lineham in 1904, but he dis¬ 
claims originality and attributes the idea to Wilkinson, at that time 
lecturer in photography at the Goldsmith’s Institute. Lineham used 
a black varnish sold under the name of Grothwell’s Preservative 
Paint. He wrote on the slide by piercing the varnished surface with 
a finely pointed crochet needle. 

The modern cellulose varnishes leave a film which is superior to 
that of black varnish. The cellulose film is transparent; it can 
be written on with pen and ink and coloured. For the following 
account of the preparation of a cellulose slide I am indebted to my 
former pupil, C. W. Kearsey. 

“A lantern slide cover-glass is coated with cellulose varnish, which 
can be bought at almost all paint shops; the clear variety, not the 
coloured cellulose paints, must of course be used. As thin a film 
as possible should be put on to ensure quick drying. 

“ Some of the varnish should be poured from the tin into a test- 
tube, and from the tube a line of varnish poured near one side of the 
slide—the quantity to be used can soon be judged after a little 
practice. The slide should then be tipped nearly vertical so that 
the liquid flows over the surface, any excess being drained ofi at 
one corner. It is better, however, to avoid any excess, for excess 
results in a rather thick film taking longer to dry. The correct 
volume for covering the slide begins .to flow rather slowly when the 
slide is tipped vertical, and has to be encouraged across the glass 
by smearing it with the side of the little finger: if the slide is 
then allowed to stand as nearly vertical as possible the film soon 
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becomes of an even thickness without striations. The film is quite 
hard enough to write on in twelve hours, and could probably be used 
well before the elapse of this time. Slides prepared in this way can 
be stored and written on at any time, but the best results are 
obtained if the writing is done fairly soon after the preparation of 
the slide. Surplus varnish drained from the slides or remaining 
in the test-tube should not be put back in the tin, for the varnish 
solvents evaporate quickly and the consequent change in concentra¬ 
tion causes striations if the solutions are mixed. For the same 
reason the lid should be kept on the tin whenever it is not in use. 

“Writing and diagrams should be done with Indian ink with a 
mapping pen. Colour can be introduced if required by using water¬ 
proof liquid colours. Some twenty different colours are available; 
two of the most satisfactory are deep green and vermilion. Where 
the size of the diagram happens to be convenient it can be traced 
very easily by placing the slide on the diagram with the varnish 
side uppermost. In other cases it is advisable to copy the diagram 
to the required size on a piece of paper and then trace from this. 
Care should be taken not to have too much ink on the pen, and 
all strokes and letters should be made quickly; hesitation results 
in unevenness. Errors if attended to immediately can often be 
removed by wiping with a moist rag. 

“ The varnish can be cleaned off unsatisfactory slides or slides that 
are no longer required by boiling them in soda solution. 

“ Slides can be finished off by masking in the usual manner, and it 
is advisable, though not essential, to bind them to a cover-glass." 

(d) Slides made of Modern Synthetical Products. 

A commercial article, Price's flexi-slide, is sold by Messrs Relfe 
Bros., Ltd., 8 Baldwins Gardens, London, E.C. i. 

A blank flexi-slide consists of a sheet of transparent material of 
standard slide size (3J in. by 3J: in.) mounted on a frame of card¬ 
board. The slides have a tendency to curl up, and, to counteract 
this, the makers supply, at small cost, a special metallic slide- 
holder, in which the slide is clamped between two skeleton frames. 
To prepare a slide the diagram required is drawn with a mapping 
pen in Indian ink. The slides are not thicker than stout post 
cards, consequently they can be conveniently stored in an album, 
an arrangement which facilitates the rapid finding of a desired slide. 

The Projection of Apparatus.—Modern lanterns are so designed 
that small pieces of apparatus may easily be projected. 

N. W. Kakestraw (J.C.E., 1929, 6, 1885) gives a good account of 
the projection of apparatus and introduces some novel methods. 

The construction of an efficient school-made lantern, inexpensive 



544 MECHANICAL AIDS TO LECTURING 

yet capable of projecting fairly large pieces of apparatus, is described 
by E. S. Stanley, S.S.R., 1924, 5 , 169. For another simple design 
see L. Cardwell, S.S,R., 1935, 16 , 433. 

The Episcope and the Epidiascope.—The episcope allows an 
enlarged image of an opaque object, such as a crystal, a pict\ire, or 
a page of print, to be projected on a screen. The necessity for 
slides is therefore largely eliminated. The epidiascope consists of 
a projection lantern and an episcope combined in one piece of 
apparatus. The day wiU come when one or other of these instru¬ 
ments will be considered an indispensable accessory of the lecture- 
room. 

Little is to be gained by giving a detailed description of the 
construction and operation of these instruments. Improved models 
are constantly appearing and full working details are supplied 
by the vendors. 

There is no doubt of the advantage of an epidiascope or a lantern. 
It is time- and labour-saving, and it adds to the enjoyment of a 
lesson, giving it a finish previously impossible. Hitherto a signifi¬ 
cant picture in a reference book had to be passed round the class— 
a time-consuming business; or a special slide had to be made; now 
in a few seconds the picture may be thrown on a screen. Moreover, 
it is not necessary completely to darken the room. Consequently 
a sketch may be copied from the screen which otherwise would have 
to be drawn on the blackboard—not all teachers are lightning 
artists, or even artists. Crystals may be exhibited; thus the 
normal and acid sulphates of potassium, made in the lesson, may be 
shown side by side, and their difference made obvious to all. 

It is next to impossible to use a microscope with a large class, 
but what the microscope reveals of opaque objects is made visible 
to all by the episcope. Thus brushings of chalk on dark paper 
may be placed in the episcope side by side with a dark slide of 
Foraminiferae. Again, a culture of the 'minute life' of the air 
contained in a Petri dish may be thrown on the screen. Some light 
is necessarily lost in illuminating opaque objects, and even the best 
episcope must be used at a limited distance. The episcope is well 
suited for showing illustrations from current periodicals and other 
sources not worth making into slides. 

The construction of an ingeniously designed home-made episcope 
is given in detail by H. Armstrong, S.S.R., 1931, 12 , 391; see also 
H, E. Watson, S.S.R., 1935, 16 , 342. 
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'Hie most efficient commercial screens for episcope projection are 
made ot a woven material coated wath a metallic j)aint. They 
are heavy and hi^^hly expensive, but tliey pve a good reflection. 
They may l)e kept permanently in j)Osition or rolled up by means of 
a mechanical spring. The sagging of the I'oller after a few years' 
use is apt to cause creases in tlie curtain. The majority of experi¬ 
enced teachers are agreed that for lecture use the most satisfactory 
screen is a wall, the surface of wffiich has been properly treated. A 
surface coated wdth aluminium paint does not make a good reflecting 
screen; the medium in which the aluminium is suspended gives 
a yellow' light-absorbing surface. The following process, wdiich is 
stated to produce an excellent reflecting surface, has been com¬ 
municated to me. 

Paint the surface (a sheet of plywood 6 feet by 6 feet may be 
used if the surface of a wnll is not suitable) wath a wffiite leadless 
paint, dab w’ith a short stiff-bristled brush to remove the marks of 
the paint brush. When the paint is almost dry sift on aluminium 
powxler. A sifter may be made at home by t\dng a piece of muslin 
over the top of a jam-pot. When the paint is cpiite dry rub off the 
surplu.s aluminium. 

Ne\ertheless, lanterns and epidiascopes should be used with 
restraint; it is quite easy with their help to eliminate almost all 
intellectual effort and make the lessons interesting talks about 
chemistry. The possession of a slide of a chart or diagram is a 
temptation to throw it straightway on the screen. It is often far 
better teaching to build up the chart step by step on the black¬ 
board, exp)ounding as the work })rogrcsses. 

The Microprojector.—The development of the projection of 
microscopic slides has been brought about by the increasing practice 
of giving instruction in biology in the classroom. Efficient and 
inexpensive instruments are now on the market. These instru¬ 
ments give a horizontal projection which is quite satisfactory for 
an ordinary classroom. Although not constantly in demand in teach¬ 
ing chemistry, the microprojector can on occasions afford consider¬ 
able help. With its aid can be shown tlie growth of crystals, the 
Brownian movement of colloidal particles, the crj^stal structure of 
metals and alloys, and the difference in shape of certain crystals, 
such as those of the normal and acid potassium sulphates. For 
directions for constructing with an ordinary microscope an apparatus 
for micro-p^rojecting, see SS.R., 1926, 8, 39; and The Laboratory 
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Workshop, by Duckworth and Harries, p. 200. See also the note 
on A Study of Crystals, by T. V. Barker, p. 31 of this book. 

Charts and Diagrams.—Sets of chemical diagrams may be pur¬ 
chased. They are rarely *just what one wants,' and home-made 
articles are more satisfactory. 

Serviceable, inexpensive, and highly efficient charts may be done 
in chalk. Procure a sheet of stiff brown paper (or, better, of 
American cloth) of the desired size, and cover it with one of the 
blackboard compositions on the market (for instance, Berger's). 
Paint it on with a flat brush. One coat is sufficient for charts 
intended to last only two or three years, but two coats are prefer¬ 
able for permanent work. The painted surface is allowed to dry 
thoroughly, and then the writing and sketching is done with ordinary 
blackboard crayon, white or coloured. Pieces of moulding fastened 
to the top and bottom of the chart facilitate its suspension for 
exhibition or its rolling up for storage. The charts on brown paper, 
easily made and inexpensive, may be scrapped as ideas change and 
lessons develop along different lines. Made in leisure times, a 
stock of charts soon accumulates. In schools possessing neither 
lantern nor episcope they are especially serviceable. 

For diagrams in black on a white ground, W. H. Barrett (1931) 
recommends the continuous cartridge paper, mounted on cloth and 
sold in rolls, 40 inches wide (4s. 6d. per yard), by Messrs Winsor & 
Newton. If these diagrams are drawn in Indian ink and the surface 
is afterwards treated with celluloid varnish and then paper varnish, 
a lasting diagram is obtained. 

Divers Devices 

Improving Visibility.—H. von Wartenberg (1932) improves the 
visibility of burettes and similar apparatus by illuminating them 
from the rear. This is effected by placing a strong light behind a 
sheet of white paper, the apparatus being in front. 

Heat- and Acid-Resisting Joints.—Rubber corks and connec¬ 
tions cannot be used where they will come into contact with highly 
corrosive liquids and fumes for a considerable time. Where the 
tube remains at room temperature an excellent joint may be made 
by using asbestos paper and wax. For a ‘stopper' or joint to with¬ 
stand a higher temperature, plaster of Paris may often be used 
with success. A commercial preparation known as ‘ pyruma 
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putty * likewise makes an effective stopper. It is plastic, therefore 
easy to work. 

Lecture Balance. (J. A, Schofield, 1909.)—For many experi¬ 
ments, such as the demonstration of a loss of weight, the device 
of Schofield is to be highly commended. 

Take an ordinary laboratory balance—one capable of carrying 
1000 gm. and accurate to the second place of decimals is convenient 
—and fasten vertically a long aluminium pointer to the beam. The 
pointer may be twenty or more inches in length according to the size 
of the room, and the distance between the teacher and the class. 
The weight of the pointer is counterbalanced by fastening a binding 
screw to the ordinary index needle. While the balance faces the 
lecturer the aluminium pointer moves over a cardboard scale facing 
the class. The cardboard scale is so graduated that the pointer and 
needle register the same readings. This scale may be held in a light 
support fastened to the wooden base of the balance, unless some 
special structural feature of the room allows of a more convenient 
suspension. The scale and pointer in no way interfere with the 
ordinary accuracy of the balance. See also Grace’s balance, p. 312. 

A Gas-Trap. (G. C. Ware, 1932.)—With the aid of this trap the 
preparation of noxious gases may be carried out on the open bench 
with little discomfort. Gases react far more rapidly with gaseous 
reactants than with reagents in solution. Ware's device is based 
on this principle. The excess of noxious gas is made to mingle with 
a gaseous reactant. Thus if chlorine is being collected the excess 
is passed into an atmosphere of ammonia; when hydrogen sulphide 
is being used the excess is passed into chlorine. 

I cannot speak too highly of this gas-trap, especially when it is 
used in conjunction with Frankland’s gas-jar cover—a piece of 
apparatus with which Ware seems unacquainted. With the use 
of the two devices the preparation of hydrogen sulphide, hydrogen 
iodide, sulphur dioxide, and chlorine may be carried out on the 
open bench. See figs. 47 and 77. 

A Tube Furnace Simply Eeplaced. —In many experiments an 8-12- 
inch length of silica quill tubing, heated with one or two ordinary¬ 
sized Bunsen burners, will adequately replace an elaborate tube furnace 
worked by 6-14 burners. A great saving of material is thus effected 
and a far greater saving of teachers' time; for the tube needs 
neither careful warming up nor cooling down, and is rapidly joined 

35 * 
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to the other parts of the apparatus with rubber tubing. By this 
means the following experiments, among others, may be set up and 
carried out in a few minutes: The decomposition of steam by 
chlorine; the thermal decomposition of chalk, ammonia, and 
hydrogen sulphide. 

A High-Temperature Bath. — A safe, odourless, efficient, and 
everlasting high-temperature bath can be made by partly filling 
a saucepan with small brass nails. 

A 6-inch iron saucepan is a convenient vessel—aluminium is too 
frail; |-inch brass boot-brads are suitable nails, and of these about 
7 lb. will be required. Half bury the reacting vessel and, a short 
distance away, the bulb of a thermometer in the nails. Heat the 
saucepan on a gas-ring. 

An X-ray Spectrograph.—For the construction and operation of 
a simple X-ray spectrograph, see Lyman J. Wood, J.C.E., 1931, 
8, 952. 



APPENDIX III 

REAGENTS FOR THE LECTURE BENCH 

Concentrated Reagents.—The ordinary pure hydrochloric acid of 
commerce has a density i-i6. The liquid is therefore almost 
exactly loA/'-HCl, a most convenient strength and a number well 
worth remembering. 

Pure concentrated nitric acid {d 1*42) contains 69-8 gm. of HNO3 
per 100 gm. of liquid, and therefore 99 gm. of HNOg per 100 c.c. of 
liquid. I c.c. of the acid contains therefore approximately i gm. 
of HNO3 and the solution is about i6iV. 

Pure concentrated sulphuric acid of commerce contains 95-98 
per cent, of H^SO^ and may therefore be regarded as a solution 
35-36iV. 

Glacial acetic acid contains 17-5 moles of CH3COOH per litre. 
Concentrated ammonia solution {d o*88) is a solution 17N. 

Dilute Reagents.—It is unfortunate that there is no agreed 
strength for dilute acids when used as reagents. Concentrations 
frequently used are 2, 4, and 6 N for class use 2N is suitable, but 
6 N is preferable for the lecture-room since other strengths when 
required can easily be obtained by dilution. The following table 
shows the volumes of reagent and water which must be mixed to 
give approximately a solution of the stated normality:— 



d 

2N 

4 Ar 

6N 

HCl . 

116 

I : 4 

2 : 3 

3 : 2 

HNO, 

1-42 

I : 7 

I : 3 

3 : 5 

HgSO* 

1-85 

I : 17 

I : 8 

I : 5 

Glacial acetic acid 


I : 8 

I : 3'5 

1 : 2 

Ammonia . 

0*88 

1 : 7*5 

1 : 3 

I : 2 
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Strong solutions of caustic alkalis are best prepared when required, 
since they attack and disfigure glass vessels. For the reagent bottle 
a strength of roN, 4 gm. of NaOH or 5-6 gm. of KOH in 100 c.c. 
of solution, is satisfactory. Solutions o*i or o-2M are suitable 
strengths for metallic reagents. Make solutions of ammonium 
salts 2N —that is, 107 gm. of NH^Cl and 13 gm. of (NHJaSO^ 
in 100 c.c. of solution. 


Special Reagents 

The preparation of some special reagents mentioned in the text 
is given here. 

Cuprous Chloride. Method (a).—Place in a flask 40 c.c. of con¬ 
centrated hydrochloric acid, 20 c.c. of water, i c.c. of concentrated 
nitric acid, and about 20 gm. of copper in small pieces. (Copper 
turnings owing to their elasticity are troublesome to use, copper 
chips are specially made for chemists but are somewhat expensive, 
thick copper wire works excellently, and is easy to cut into short 
lengths with pliers.) Boil (about 5 minutes is required) until a 
trial drop of the liquid poured into a test-tube of water gives a white 
precipitate and a colourless solution. At this stage decant the hot 
brown liquid into a flask full of recently boiled water. There is no 
need to filter the solution when the pieces of copper used are not 
too small. Allow the precipitate to settle, then wash it two or three 
times by decantation with water. If a larger quantity of cuprous 
chloride is required use more nitric acid. 

Method (b).—Heat 10 gm. of copper oxide or of the salt 
CuCl2*2H20 with 40 c.c. of concentrated hydrochloric acid and 10 gm. 
of copper until all the copper in solution is in the cuprous state 
—about 2 minutes is required. Now proceed as in method (a), 

A Stock Solution of Cuprous Chloride. —This stock solution is a 
great convenience and its preparation is no trouble. Take an 
8-oz. medicine bottle and fill it about one quarter with copper oxide 
or hydrated cupric chloride, add an equal bulk of copper in small 
pieces, fill the remaining space with concentrated hydrochloric 
acid, and close the bottle tightly with a rubber bung. After some 
days the bottle will be full of a colourless solution of cuprous chloride. 
When the solid salt is required pour a few c.c. of this stock solution 
into water and wash by decantation the precipitate which falls. 
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Fill up the stock bottle again with concentrated hydrochloric acid 
and occasionally add a little more copper oxide. 

Ammonium Cuprous Chloride.—Freshly precipitated cuprous 
chloride will dissolve immediately in a moderately strong solution 
of ammonium chloride or sodium chloride, and such a solution i^ 
easily prepared as required. When a stock solution is required 
place freshly prepared cuprous chloride in a small bottle and fill 
up the bottle with a solution of ammonium chloride 15-35 
100 c.c. of water, add a small coil of copper, and clpse the bottle 
with a rubber bung. The solution is usually pale brown when made, 
but goes colourless on standing in contact with the copper. When 
an ammoniacal solution is required add a few drops of ammonia 
to a portion of this licjuid. 

Sodium Cobaltinitrite: Fischer's Salt.—L. L. de Koninck (1909) pre¬ 
pares a stable solution of this reagent as follows: Dissolve 50 gm* 
of hydrated cobalt nitrate in a litre of water and add 25 c.c. of nitric 
acid {d 1*2). Dissolve 300 gm. of sodium nitrite in a litre of water. 
Mix the solutions and allow to stand for a few days. A considerable 
precipitate usually falls, due to the presence of potassium in the 
materials. Decant the clear liquid into a stock bottle. I have 
used this reagent since de Koninck published its preparation and 
can testify to its worth. When added to o-oiiV-KCl a precipitate 
falls in a few seconds. 

Suitzu and Okuma's Reagent for Magnesium (Magneson): 
/>-nitrobenzeneazoresorcinol, 1926.—This valuable reagent may be 
prepared by coupling /)-nitraniline with resorcinol, see S.S.R., 1933, 
15 , 243. 

Dissolve 5 gm. of finely powdered acetanilide in 9 c.c. of concen¬ 
trated sulphuric acid, keeping the solution below 40° C. Cool the 
solution in ice water to 5-10"" C. and add slowly a cooled mixture of 
2*5 c.c. of concentrated nitric acid and 1-5 c.c. of concentrated 
sulphuric acid. Shake thoroughly during the addition and keep 
the temperature below 15®. Allow the mixture to stand for 30 
minutes; then pour it into 200 c.c. of ice-cold water: j 5 >-nitro- 
acetanilide is precipitated. Filter at the pump and wash with 
water. The product contains isomers which need not be removed ; 
the pure substance melts at 211° C. Add the washed precipitate 
to a mixture of 10 c.c. of water and 5 c.c. of concentrated sulphuric 



552 REAGENTS FOR THE LECTURE BENCH 

acid and hydrolyse by warming imtil solution is effected. Now cool 
and add a solution of 8 gm. of caustic soda in 30 c.c. of water to 
neutralise the acid; ^-nitraniline, with small amounts of accom¬ 
panying isomers, is precipitated. Filter at the pump and recrystal¬ 
lise the product from a little hot water (m.p. =147° C.). Take 
2*5 gm. of j^-nitraniline and suspend it in a mixture of 5 c.c. of 
concentrated hydrochloric acid and 10 c.c. of water. Dissolve 
2 gm. of sodium nitrite in 10 c.c. of water and diazotise in the usual 
way, keeping the solution below 15®. Now dissolve 2 gm. of caustic 
soda in about 100 c.c. of water and dissolve 3-5 gm. of resorcinol in 
this liquid. Slowly add the diazonium salt to the alkaline solution 
of resorcinol. The purple dye is immediately precipitated. (The 
supernatant liquid may be used forthwith as a test for magnesium.) 
It was found difficult to wash the alkaline form of the dye. How¬ 
ever, on acidifying the liquid containing the precipitated dye with 
hydrochloric acid (in which the dye seems insoluble), a scarlet 
product is obtained which is comparatively easy to wash with 
water. The washing should be done immediately, otherwise the 
precipitate slowly changes in colour from scarlet to chocolate. The 
chocolate form gives the magnesium reaction, but is difficult to 
wash. 

To prepare a solution of the reagent, dissolve about o^i gm. of 
the dye in 500 c.c. of dilute caustic soda solution, say 1-4 per cent., 
but any strength seems suitable. To carry out the test, add to the 
magnesium solution, which should be dilute and made alkaline with 
caustic soda, a few drops of the reagent; a blue colour immediately 
appears if the magnesium is dilute, a blue precipitate in more 
concentrated solutions. If too much of the reagent is added, the 
purple colour of the dye obscures the blue of the magnesium complex. 
Nickel, cobalt, aluminium, and manganese interfere with the test, 
also a considerable concentration of ammonium salts. 

Methyl Red. T. F. Winmill, y.C. 5 ., 1910, 97, 485.—Dissolve 
5 gm. of anthranilic acid in a mixture of 150 c.c. of water and 
5 c.c. of concentrated hydrochloric acid. Diazotise the solution at 
room temperature by adding, in small portions, 2*5 gm. of sodium 
nitrite. Allow the solution to stand for half an hour. Meanwhile, 
prepare a solution of 4*65 gm. of freshly distilled dimethylaniline 
in 50 c.c. of water, acidified with 5 c.c. of concentrated hydrochloric 
add. Pour the diazonium salt into this solution and ^d 50 gm. 
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of sodium acetate. Warm to 40° C., when the red dye quickly 
separates. Allow it to stand for three hours to complete the 
reaction. Filter, and wash with water—in which the dye is highly 
insoluble. The produce is best air-dried; it is rather difficult to 
crystallise. To prepare a stock solution for use as an indicator in 
acidimetry, dissolve about 2 gm. of the dye in a litre of alcohol 
(industrial spirit serves quite well). 
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ATOMIC WEIGHTS 



Symbol 

Atomic 

Weight 

0 = i 6 


Symbol 

Atomic 

Weight 

0 = 16 

Aluminium 


A 1 

26*97 

Molybdenum 


Mo 

96*0 

Antimony 


Sb 

121*76 

Neodymium 


Nd 

144-27 

Argon . 


A 

39-94 

Neon 


Ne 

20*183 

Arsenic . 


As 

74*91 

Nickel . 


Ni 

58-69 

Barium . 


Ba 

137-36 

Nitrogen 


N 

14*008 

Beryllium 


Be 

902 

Osmium 


Os 

191*5 

Bismuth 


Bi 

20900 

Oxygen . 


0 

16*000 

Boron . 


B 

10*82 

Palladium 


Pd 

io6*7 

Bromine 


Br 

79*916 

Phosphorus 


P 

31 *02 

Cadmium 


Cd 

112*41 

Platinum 


Pt 

195*23 

Caesium . 


Cs 

132*91 

Potassium 


K 

39*096 

Calcium. 


Ca 

40*08 

Praseodymium 

Pr 

140*92 

Carbon . 


C 

12*00 

Radium , 


Ra 

225*97 

Cerium . 


Ce 

140*13 

Radon . 


Rn 

222*0 

Chlorine. 


Cl 

35-457 

Rhenium 


Re 

186*31 

Chromium 


Cr 

52*01 

Rhodium 


Rh 

102*91 

Cobalt . 


Co 

58-94 

Rubidium 


Rb 

85-44 

Columbium 


Cb 

92*91 

Ruthenium 


Ru 

101*7 

Copper , 


Cu 

63-57 

Samarium 


Sm 

150*43 

Dysprosium 


Dy i 

167*64 

Scandium 


Sc 

45*10 

Erbium . 


Er 

165*20 

Selenium 


Se 

78*96 

Europium 


Eu 

152*0 

Silicon • 


Si 

28*06 

Fluorine 


F 

19*00 

Silver 


Ag 

107*880 

Gadolinium 


Gd 

157*3 

Sodium . 


Na 

. 22*997 

Gallium. 


Ga 

69-72 

Strontium 


Sr 

87-63 

Germanium 


Ge 

72*60 

Sulphur. 


S 

32*06 

Gold 


Au 

197*2 

Tantalum 


Ta 

181*4 

Hafnium 


Hf 

178*6 

Tellurium 


Te 

127*61 

Helium . 


He 

4*002 

Terbium 


Tb 

159*2 

Holmium 


Ho 

163-5 

Thallium 


T 1 

204*39 

Hydrogen 


H 

1-0078 

Thorium 


Th 

232*12 

Indium . 


In 

114-76 

lliulium 


Tm 

169-4 

Iodine • 


I 

126*92 

Tin 


Sn 

118*70 

Iridium . 


Ir 

193*1 

Titanium 


Ti 

47*90 

Iron 


Fe 

55-84 

Tungsten 


W 

184*0 

Krypton 


Kr 

83-7 

Uranium 


U 

238-14 

Lanthanum 


La 

138-92 

Vanadium 


V 

50-95 

Lead . 


Pb 

207*22 

Xenon . 


Xe 

131-3 

Lithium 


Li 

6*940 

Ytterbium 


Yb 

17304 

Lutecium 


Lu 

175*0 

Yttrium. 


Y 

88-92 

Magnesium 


Mg 

24*32 

Zinc 


Zn 

65-38 

Manganese 


Mn 

54*93 

Zirconium 


Zr 

91*22 

Mercury. 


Hg 

200*61 

, 
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The numbers refer to pages. 

Accumulator lead, made, 433; sul- 
phating of, 446. 

Accuracy, in gas analysis, 299-311. 

Acetylene, added to coal gas, 4S9; 
obtained from coal gas, ^88; pre¬ 
paration and properties of, 124-5; 
volume of hydrogen in, 405. 

Acid salts, 234-7. 

Adsorption, 456-63; exchange, 458; 
in analysis, 459; of ammonia, 94; 
selective, 462. 

Agar-agar, gel of, 455; swelling of, 
464- 

Aims of teaching, 499-501. 

Air, bacteria in, 81-4; burnt in 
coal gets, 476-9; density found, 
313; dissolved in water, 78-81; 
first study of, 59-73; rusting in, 
73-78; sparking of, 181; water 
from, 71. 

Allotropes, of oxygen, 84; of phos¬ 
phorus, 290; of sulphur, 184-7. 

Aluminium, reaction with hydro¬ 
chloric acid, 146; iodine, 468; 
silica, 285; sulphur, 188. 

Aluminium hydroxide, as adsorbent, 
461. 

Ammonia, adsorption by charcoal, 
94; catalytic oxidation of, 175; 
decomposition (thermal) of, 131; 
density found, 320, 327; elec¬ 
trolysis of, 402; gas-volumetric 
analysis of, 393-404; preparation 
and composition of, 126-35; pre¬ 
paration, pure, 320, 327; reaction 
with blcaching-powder, 281; syn¬ 
thesis of, I35“"7* 

Ammonium chloride, dissociation of, 
422; sublimation of, 28. 


Proper names are in italics. 

Ammonium cuprous chloride, 551. 

Ammonium salts, dissociation (ther¬ 
mal) of, 421-2. 

Antimony, reaction with chlorine, 
152; sulphide sol, 440. 

Apparatus (for special, see under the 
author's name), cleansing of, 306; 
projection of, 540-6; purchase of, 
308. 

Aqueous vapour, table of, 554. 

Armstrong, Prof. H. E., introduces 
heuristic method, 10, 504-7; 

quoted, 503, 535; on Dewar, 527; 
on Hofmann, 535; on Huxley, 527; 
writings of, 13. 

Arsenic sulphide sol, 441. 

Aspirator, for storing gases, 305-8; 
for quantitative determinations, 
325» 328. 

Atomic Theory, teaching of, 503, 
508-11. 

Atomic weights, table of, 556. 

Avogadro's hypothesis, 509. 

Balance, Grace's, 312; Schofield's, 
547- 

Balanced actions, 16-20, 414. 

Bancroft, Prof. Wilder D., on the 
Modern Method, 519. 

Barium, compounds of, 238-42. 

Barium hydroxide, as electrolyte, 
428. 

Barium sulphate, as adsorbent, 460; 
as non-electrolyte, 428. 

Barker, T. V., crystallographer, note 
on, 31. 

Barker, W., analysis of water, 341; 
density apparatus, 329; volgaso- 
meter, 324; density method, 331, 
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Basic salts, 233, 419. 

Basicity, 231-7, 296- 

Bath, high temperatures, 548. 

Benedict, F. G., book by, ii. 

Bent tube experiment, 378. 

Bibliographies, aims of teaching, 501; 
chalk, 108; colloids, 438; combus¬ 
tion, 476, 491, 492; early chemistry, 
31; electrolysis, 424, 434; ethical 
teaching, 524; gas-volumetric 
analysis, 409; historical method, 
518; modern method, 521; oceano¬ 
graphy, 261; standard works, 532; 
water softening, 112. 

Bismuth chloride, hydrolysis of, 420. 

Bittern, conception of, 258. 

Black, Joseph, appreciation of, 530. 

Bleaching with, bromine, 264; chlor¬ 
ine, 151; hydrogen peroxide, 251; 
sulphur dioxide, 210. 

Bleaching-powder, 278-81; catalytic 
decomposition of, 469. 

Books, see in the bibliographies. 

Breath, burnt in coal gas, 479. 

Bromine, 262-5; diffusion of, 17, 
414; obtained from sea-water 
260-1. Reaction with, ethylene, 
123; nitrous acid, 172; sulphurous 
acid, 209. 

Brown-ring test, 162-4. 

Bulb-eudiometer, Hofmann's, 355. 

Bunsen, Prof. R. W. (1811-99), 
burner, 484-91; eudiometer, 341; 
valve, 392. 

Burette cup, 72. 

Cadmium sulphide sol, 451. 

Calcium, flame tint of, 103, 106; 
obtained by electrolysis, 435, Re¬ 
action with, oxygen, 104; water, 42. 

Calcium carbonate, ageing of, 447; 
decomposition (thermal) of, 101; 
formula of, 363; forms of, 106; 
obtained from sea-water, 255; 
solution of, 107; synthesis of, 105. 

Calciilm chloride, for hot bath, 349; 
chlorine collected over solution of, 
377; reaction with ammonia, 130. 

Calcium nitrate, thermal decomposi¬ 
tion of, 168. 

Calcium oxide, see Lime. 


I Calcium phosphate, obtained from 

I bones, 236. 

Calcium sulphate, 239; crucibles 
of, 287; solubility in brine, 257; 
obtained from sea-water, 256. 

Candle, burnt in; bell-jar, 62; chlor¬ 
ine, 153; sealed flask, 24. Flame 
cooled, 480; flame hollow, 485; 
burns gaseous fuel, 15. 

Cannizzaro, Prof. S., 9. 

Carbon {see also under Charcoal). 
Reaction with, carbon dioxide, 
113; oxygen, 36; nitric acid, 158. 

Carbon dioxide, added to coal gas, 
490; density found, 323, 329; pre¬ 
paration and pro{)erties, 95-101; 
solid, 98; volume of oxygen in, 
355-9; reduced by, metals, 100, 
112, carbon, 113. 

Carbon disulphide, ignition of, 479; 
reaction with nitric oxide, 164, 491. 

Carbon monoxide, preparation and 
reactions, 114-17, 314; density 
found, 314, 331; volume com¬ 
position of, 359-63. 

Carbon tetrachloride, extinguishes 
fire, 482; solvent for bromine, 414. 

Carbonic acid, dissolves, (a) chalk, 
107, (h) iron, 76. 

Casual experiments, 2. 

Catalysis, 34, 175-80, 225, 251, 280, 
292,467-73; auto-,469; mechan¬ 
ism of, 221. 

Chalk, 101-8, see also Calcium car¬ 
bonate. 

Chamber acid, 222; preparation of, 
237. 

Chamber crystals, see Nitrosyl hydro¬ 
gen sulphate. 

Charcoal {see also under Carbon)* 
absorbs, (a) ammonia, 94, (6). dye, 
94» 457: preparation of, 91-3. 

Charts and diagrams, preparation of, 
546. 

Chemical action, 21. 

Chlorine, 147-56; bleaching action, 

151; collection of, 148; density 
found, 322, 326, 331; obtained 
from, bleaching - powder, 280; 
hydrogen chloride, 142-4; man¬ 
ganic chloride, 149 . Preparation 
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methods: Berthollet, 149; Deacon, 
472; Graebe, 323; Scheele, 148; 
from cupric chloride, 470. Re¬ 
action with, acetylene, 124; am¬ 
monia, 133: ethylene, 122; hydro¬ 
gen, 151; hydrogen bromide, 277; 
hydrogen iodide, 273; hydrogen 
sulphide, 193; lime (quick). 103; 
lime (slaked), 278; metals, 152-3; 
phosphorus, 152, 291; potassium 
bromide, 262; sulphurous acid, 
209; water, 154. 

Chromyl chloride, preparation of. 22. 

Coagulation, 452. 

Coal, dust, explosion of, 480; gas, 
flame made luminous, 489. 

Colloids, 436-66; adsorption, 456-63; 
ageing of precixntates, 444-^; 
coagulation and flocculation, 452; 
emulsions and foams, 464; gels, 
formation of and movements in, 
452-6; peptisation, 451; prepara¬ 
tion of sols, 439-44, 448-50; study 
of, advocated, 436; swelling of, 
464; turgcsccncc, 464. 

Combining weights, 337-40. 

Combustion (explosion and flame), 
473-93; bibliography, 476, 491, 
492; explosive, 491 ; extinction of, 
482; flame of, 484-493; ignition 
temperature, 479-81; reciprocal, 
475-9; teaching of, 474. 

Contact process, 216-8. 

Copper {see also under Cupric and 
Cuprous), powder, 386. Reaction 
with, air, 57; bromine, 264; nitric 
acid, 161, 169; nitrous acid, 171; 
sulphur dioxide, 214; sulphuric 
acid, 201, 214-6. 

Copper oxide, reduced, 58 ; synthesis 

of, 57^ 

Counting bubbles to find reacting 
volumes, 135. 

Crucibles, furnace for, 239; of plaster 
of Paris, 287. 

Crystallisation, 30-1; in gels, ^53. 

Cupric chloride, 470; basic, 471. 

Cupric hydroxide, crystalline, 232; 
forms of, 448. 

Cupric nitrate, thermal decomposi¬ 
tion of, 166. 


Cupric sulphate, ammine of, 130, 327; 
basic, 233; electrolysis of, 427-30; 
hydrolysis of, 419; reaction with 
sulphuric acid, 215; reduced by 
phosphorus, 294. 

Cuprous chloride, oxidation of, 470-3; - 
preparation of, 550. 

Cuprous sulphide, recognition of, 215. 

Davies, crucible furnace, 239. 

Davy, Sir Humphry, appreciation of, 
526; lamp, 484. 

Deacon, J. if., preparation of chlorine, 
470 - 3 - 

Deliquescence and efflorescence, 27. 

Density of gases, see Gases, density of. 

Dewar, Sir James, appreciation of, 

527- 

Dichlorfluoresccin, 462. 

Diffusion, of gases, 16-18; quanti¬ 
tative, 336; in gels, ig, 450-6. 

Dissociation, of ammonium salts, 421; 
in solution, 423. 

Distillation of, green vitriol, 230; 
iron pyrites, 183; nitric acid, 156; 
water, 27: wood, 91-3. 

Divisibility of matter, 15. 

Double salts, 231. 

Dulong and Petit, law of, 508. 

Dynamical equilibrium, 16-20, 414. 

Efflorescence, 27. 

Electro-chemical series, 106, 241, 

294; note on, 47; activity of 
metals. 112. 

Electrodes, 426. 

Electrolysis, of ammonia, 402-4; of 
hydrochloric acid, 375-8; of 
molten liquids, 433-6; reversed, 
467; of salts, 403; of solutions, 
422-33; of sulphurous acid, 205; 
of water, 352--5- 

Electrolytic gas, prepared, 350. 

Elements, equivalent weights of, 
found, 337-40; introduction of, 14, 
31, 507; table of atomic weights 
of, 556. 

Emulsions, 464. 

Epidiascope and Episcope, 544. 

Equilibrium, 16-20, 411, 415-22. 

Equivalent weights found, 337-40. 
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Ether, ignition of, 479. 

Ethical considerations, 523. 

Ethylene, 120-4. 

Eudiometers, 341-3. 

Explosion(s), coal dust, 480; detona¬ 
tion of potassium chlorate, 294; 
hydrocarbons-oxygen, 119; hydro¬ 
gen-oxygen, 53; mixtures for, 346, 
490-2; screens for, 345; teaching 
about, 523; warning note, 119, 316; 
wave of, 491. 

Faraday, Prof, Michael (1791-1867), 
book by, 8; cement, 75; on clean¬ 
ing mercury, 307. 

Fenton, H. J. H., appreciation of, 
529; book by, 522. 

Ferric chloride, 442, 454. 

Ferric hydroxide, peptised, 451; sol, 
442. 

Ferric thiocyanate, 413. 

Ferrous sulphate, decomposition 
(thermal) of, 230. Reaction with: 
ammonium sulphate, 231; bleach- 
ing-powder, 469; nitric oxide, 162; 
nitrous acid, 171. 

Ferrous sulphide, prepared, 187. 

Fire {see also Combustion, explosion, 
and flame), extinguished, 482-3; 
produced, 474. 

Flame, 473-93; cold, 293; lumin¬ 
osity of, 350, 487; separator, 487. 

Foams, 464; extinguish fire, 482. 

Frankland, Prof, Sir E,, book by, 9; 
gas-jar cover, 139. 

Freer, P. C., eudiometer, 342. 

Freezing mixture, 71. 

Freund, Ida, apparatus for gas- 
analysis, 371; book by, 499, 510; 
quoted, 300, 505, 513. 

Fuller’s earth, as adsorbent, 457, 

Furnace, crucible, Davies, 239; tube, 
Fletcher's, 38; improvised, 131, 547. 

Gas and Gases, apparatus for 
measuring, 310; collection in 
cylinders, 35; collection over 
mercury, 306; combining volumes 
found, 340-409; densities found— 
by steam displacement, 313, by 
air displacement, 318, by ex¬ 


pansion, 331, indirectly, 323, by 
V. Meyer’s method, 332 ; densities, 
table of, 335; diffusion of, 16, 336; 
explosion (safe) of, 346; filling and 
storing devices, 302; noxious, 
collection of, 139, 301; solubility 
table, 309; trap, 547; volumes at 
N.T.P., table of, 555. 

Gas-jar cover, 139. 

Gay-Lussac’s law, 309, 408; tower, 
reactions in, 222. 

Gelatin, 19, 464. 

Gels, diffusion in, 19, 454-6; of 
silica, crystallisation in, 453. 

Germs in air, 81—4. 

Gladstone, J. H., mass-action experi¬ 
ment, 413. 

Glass, as adsorl>ent, 456; etched, 282; 
cleansing of. 306; use of soft, re¬ 
commended, 390. 

Glover’s tower reactions, 224 -9. 

Goddard, E. D., book by, 7; eudio¬ 
meter, 344, 

Gorup-Besanez, Prof, von E. F., book 
by, 8. 

Green vitriol, thermal decomposition 
of, 230. 

Gypsum, 239, see also Calcium sul¬ 
phate. 

Halogens, introduction to, 253. 

Hawkridge, P., gas-analysis appara¬ 
tus, 357, 380; quoted, 300. 

Heavyspar, 238. 

Heumann, Prof. Karl, book by, 9. 

Heuristic method, 10, 498, 504-7. 

Historical method, 511-8, 230, 408. 

Hodgkinson, Prof. W. R. (1851-1933), 
eudiometer, 367. 

Hofmann, Prof. A. W., anecdote of, 
535; book by, 8 ; bulb-eudio¬ 
meter, 355; chlorine tube, early 
form, 400, final form, 394; divided 
tube, 373; siphon-eudiometer, 343; 
voltameter, 354; three-way tap, 

303- 

Holmyard, E. J,, quoted, 512, 517, 

522. 

Huxley, Prof. T. H., appreciation of, 
527 - 

Hydrocarbons, 117-25. 
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Hydrogen, density found, 320; dif¬ 
fusion of, 336. Obtained from: 
hydrogen chloride, 144-7; nitric 
acid, 159; potassium hydroxide, 
136; sodium hydroxide, 285; 
sulphuric acid, 207; water, 38-47. 
Preparation in quantity, 4Q-52. 
Reaction with, air, 60-1; bromine, 
264, 275; chlorine, 151; nitric acid, 
159; oxygen, 53; sulphur, 188; 
sulphur dioxide, 203-6. 

Hydrogen bromide, 274-7. 

Hydrogen chloride, 137-47; ti^^nsity 
found, 322, 331; electrolysis of 
solution, 375-8; synthesis, quanti¬ 
tative, 373; volume of chlorine, 
373; volume of hydrogen in, 
368-78. 

Hydrogen fluoride, 282-4. 

Hydrogen iodide, 270-4; and nitrous 
acid, 170. 

Hydrogen peroxide, 248-52, 

Hydrogen sulphide, 188-96; density 
found, 321, 331; preparation, pure, 
190, 321. Reaction with, bromine, 
264; nitrous acid, 171; thermal 
decomposition of, 416; volume of 
hydrogen in, 389-92. 

Hydrolysis, 283, 286, 297, 417-21. 


Ignition, catalytic, 481; tempera¬ 
tures, 481. 

Incubator, improvised, 81. 

Indestructibility of matter, 23-5. 

Indicators, adsorption, 462-3; pre¬ 
paration of, 551, 

Induction coil, 84, 344. 

Informative method, 501-4. 

Iodine, 265-9; sublimation of, 28; 
and aluminium, 468; as catalyst, 
292. 

Iron {see also under Ferric and 
Ferrous), alum, 413; filings, 74; re¬ 
duced, 39, 387; retort, 92; rusting 
of, 73-8; pyrites, 183, 474. Re¬ 
action with, bromine, 264; carbon 
dioxide, 112; carbonic acid, 76; 
iodine, 269; nitre, 136; oxygen, 
37; potassium hydroxide, 136; 
steam, 38; sulphur, 69. 
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Journal of Chemical Education, 12, 
532. 

Journal of the Chemical Society, 533, 
53 < 3 . 

Kipp, P. apparatus, 49; im¬ 
provised, 50-2. 

Lantern, 540; slides for, 540-3. 

Law, of combination, 298, 508; of con¬ 
servation of mass, 23-5; of con¬ 
stant proportions, 105, 365, 375; 
of multiple proportions, 364, 531; 
of mass action, 410, 

Lead, accumulator, 433; bromide, 
electrolysis of, 435; nitrate, ther¬ 
mal decomposition of, 167; mon¬ 
oxide (massicot), 242; peroxide, 
245-7 ; red, 242-6 ; sulphide, 
252. 

Lecture experiments, discussion of, 
i-5‘ 

Lepsius, Prof Basil, apparatus, 

359-61. 

Liesegang, R. E,, rings, 454. 

Lime, 102-5; slaked, reaction with 
chlorine, 278; drying-tower, 128. 

Lubricants, for glass taps, 304. 

Luminosity, of flames, 94, 350, 487- 
90; of phosphorus, 293. 

Magnesium, burnt in air, 21; chlor¬ 
ide, electrolysis of, 434; flame, 
374; reagent for (Suitzu and 
Okuma's), 462, 551; sulphate, from 
sea-water, 259; sulphide, hydroly¬ 
sis of, 417. Reaction with, car¬ 
bon dioxide, 100; chlorine, 152; 
glass, 288; hydrogen chloride, 147; 
nitric acid, 159; oxygen, 36; 
pota.ssium chlorate, 282; silica, 
284, 287; sulphur dioxide, 205; 
water, 43-7. 

Major experiments, 3. 

Manganese dioxide, as catalyst, 34, 
177, 251; reaction with sulphuric 
acid, 150. 

Manganic chloride, 149. 

Marathon experiments, 3. 

Mass action, 410 et seq. 

Massicot, shown basic, 242. 
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Matter, divisibility of, 15; inde- I Nitroso-ferrous sulphate, 162. 


struct!bility of, 23-5; states of, 14. 

Mercuric iodide, enantiotropes of, 
444; synthesis of, 269. 

Mercuric oxide, thermal decom¬ 
position of, 31. 

Mercury, cleansing of, 306. Re¬ 
action with, air, 66; chlorine, 152; 
ozone, 89. 

Methane, 117-20; volume of hydrogen 
in, 404. 

Methyl red, preparation of, 552. 

Methyl violet, adsorbed, 94, 456-8. 

Meyer, Prof. Victor (1848-97), ap¬ 
paratus, 332. 

Microprojector, 545. 

Mixtures and compounds, 69. 

Modern method, 518-22. 

Natural Science in Education, quoted, 
505. 508, 526. 

Newth, G. S., book by, 10; explosion 
screen. 345. 

Nitrates, brown ring test for, 162-3; 
thermal decomposition of, 166-9, 
I 74 » 239. 

Nitric acid, 156-61; decomposi¬ 
tion of, 32, 158. Reaction with, 
hydrogen, 159; hydrogen bromide, 
277; hydrogen iodide, 273; hydro¬ 
gen sulphide, 195; red lead, 242; 
sulphur dioxide, 209, 219. 

Nitric oxide, preparation and pro¬ 
perties, 161-5; preparation (Thiele), 
314, 387; density found, 314; gas- 
volumetric analysis of, 378-89. 

^-nitrobenzeneazoresorcinol, prepara¬ 
tion, 551; reaction with hydrox¬ 
ides, 462. 

Nitrogen, density found, 317; fixa¬ 
tion of, 175; identification of, 281; 
preparation of, 317. Obtained 
from: air, 68, 73; ammonia, 132, 
281; nitre, 136; nitric oxide, 165. 

Nitrogen peroxide, from the catalytic 
oxidation of ammonia, 175; from 
metallic nitrates, 167-9; from nit¬ 
ric acid, 219; by sparking air, 181. 
Reaction with, reduced iron, 387; 
sulphuric acid, 222-9; sulphurous 
acid, 22Q-9; violet acid, 226-9. 


Nitrosyl hydrogen sulphate, 220; 
preparation of, 223; reaction with 
the chamber acids, 226-8. 

Nitrous acid, 170-2, 

Nitrous oxide, density found, 329; 
preparation and reactions, 173-5, 
383; volume of nitrogen in, 378-89. 

Normal method, 507-11. 

Note-taking, 537-9. 

Ostwald, Prof. Wilhelm (1853-1932). 
apparatus: gas-preparation, 51; 
gas-measuring, 324; reaction tube, 
329; voltameter, 354. Teaching 
method, 518. 

Oxidation and reduction, 57. 

Oxygen, 35-7; cylinders of, 316; 
density found, 315, 328. Obtained 
from: blcaching-powder, 279, 280; 
peroxides, 244-50; quicklime, 103; 
sulphuric acid, 199. Preparation, 
pure, 315-7’ 

Ozone, 84-90; volume, composition 
of, 406-8. 

Palladium chloride, reaction with 
carbon monoxide, 116; as catalyst, 

44. 

Peptisation, 450-1. 

Perkin, Prof. W. H. (1860-1929), 
appreciation of, 528; book by, 515; 
quoted, 535. 

Permutit, process, iii. 

Petri dish, 81. 

Petrol, combustion of, extinguished, 
482-3. 

Pharaoh’s serpents, 22. 

Phosphine, 296-8. 

Phosphoric acids, 295. 

Phosphorus, 288-98; allotropes of, 
280; burnt in sealed flask, 23; 
burnt in air, 63-6; care and 
manipulation of, 289, Reaction 
with, air, 63-6; bromine, 291; 
chlorine, 152; chlorine peroxide, 
282; iodine, 22; nitric oxide, 164; 
oxygen, 36; sulphur dioxide, 204. 

Physical changes, 21. 

Plaster of Paris, for crucibles, 287; 
plugs for diffusion, 336. 
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Platinum, deposited on asbestos, 
lOo; ignites gas, ^8i; jet, 52; 
welding of, 426; wire, passed 
through corks, 351, 

Potassium, adsorbed by soil, 450; 
detected in sea-water, 260; re¬ 
action with water. 40; reag(‘nt for, 
35b 

Potassium bromide, electrolysis of, 
433 - 

Potassium chlorate, 281-2 ; thermal 
decomposition of, 34. Reaction 
with, sulplmric acid, 23; phos¬ 
phorus, 294. 

Potassium hytiroxide, reaction with 
iron, I3t). 

Potassium hypobromite, prejiaration 

395. 397- 

l\)tassium iodide, electrolysis of, 432. 

Potassium nitrate, thermal decom¬ 
position of, 109; solubility of, 25; 
reaction with iron, 136. 

Potassium permanganate, adsorbed, 
.p.)0: cleans apparatus. 306; ther¬ 
mal decomposition of, 315. Re¬ 
action with, hydrogen peroxide, 
232, 317; sulphurous acid, 212; 
nitrous acid, 172. 

Potassium sulphates, 23^:1. 

Potassium tartrates, 236. 

Precipitates, ageing of, 445; washing 
of, 459. 

Pyrene, hre extinguisher, 482. 

Pyruma putty, 546. 

Ramsay, Prof. Sir William, apprecia¬ 
tion of, 528; book 10; gas 
analysis, Chap. V., quoted, 300. 

Reaction, flask, 329; mechanism, 33; 
velocity, 412-6. 

Reagents for lecture room, 549-53. 

Red lead, 242-6. 

Resin, sol of, 452. 

Reversibility. 16-20, 413-22, 244. 

Reynolds, Prof. J. Emerson (1844- 
1920), book by, 10, 

Rusting of iron, 73-8. 

Salt, common, see Sodium chloride. 

Salts, basic, 232; acid, 234-7; 
deposits of, 261; double, 231; 
hydrolysis of, 417-21. 
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Saponin, 458, 465. 

Schofield, Prof. J. A. (1869-1934), 
eudiometer, 381. 

School Science Revieio, ii, 533. 

Science in Senior Schools, 506. 

Scientific method, 196 ct seq., 504 - 
ei seq. 

Screens, explo.sion, 345; projection, 

345. 

Sea-water, evaporation of, 253-62. 

Serial experiments, 5. 

Silica, gels, 453, 494; garden, 288; 
jet of, 52. 

Silicon, prepared, 284-5; hydride, 
287; fluoride, 283. 

Silver, E.W., found, 339; sol, 440-9; 
chloride, sol of, 443; chromate, sol 
of, 443; oxide, 339. 

Slides, 540-3. 

Smith, Prof. Alexander (1865-1922), 
book by, 520; quoted, 520, 

Smiihelh, Pro). A., 492, 498 ; 

quoted, 501, 504; flame separa¬ 
tor, 487. 

Soap, bubbles of, 54; detergent 
action of, 466; hydrolysis of, 420; 
reaction with hard water, 109; 
solution prepared, 109, 420. 

Sodium, amalgam of, 42, 369; care 
and manipulation of, 37; E.W. 
found, 338. Reaction with, 
chlorine, 153; hydrogen chloride, 
144; nitrous oxide, 378; water, 
40-2. 

Sodium chloride, electrolysis of, 431; 
preparation, pure, 258; obtained 
from sea, 257. 

Sodium cobalti-nitrite, preparation 
of. 551- 

Sodium hydroxide, obtained by 
electrolysis, 430-2; obtained from 
soda, 125. 

Sodium hypobromite and hypochlor¬ 
ite. 278-9. 

Sodium hypophosphite, thermal de¬ 
composition of, 297. 

Sodium oxide, synthesis of, 37. 

Sodium peroxide, causes ignition, 
481. 

Sodium sulphate, crystallisation of, 
30; electrolysis of, 430. 
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Sodium thiosulphate, crystallisation 
of, 30; preparation of, 213. 

Solubility, 25-6; as aid in analysis, 
232, 235; of gases, 309; demon¬ 
strated, 141. 

Starch solution, 268. 

Steam, decomposition by, carbon, 
113; by metals, 38-47; quanti¬ 
tative synthesis of, 349. 

Sublimation, 28-30. 

Sulphates, teaching note, 229. 

Sulphides [see also Hydrogen sul¬ 
piride), 187. 

Sulphur, allotropes of, 184-8; colloi¬ 
dal, 439. Obtained from : pyrites, 
183; sulphur dioxide, 203-6. Re¬ 
action -with, elements, 188; sodium 
sulphite, 213. 

Sulphur dioxide, reactions, 203-13; 
density found, 318, 330; prepara¬ 
tion, pure, 318; gas-volumetric 
analysis of, 366-8; quantitative 
synthesis of, 365. Reaction with, 
hydrogen, 203-6; lead dioxide, 
246; magnesium, 205; nitric acid, 
219, 223; violet acid, 229. 

Sulphur trioxide, 216-8. 

Sulphuric acid, decomposition of 
(thermal), 199; study of, 196; 
synthesis of, 207. Reaction with, 
blue vitriol, 215; bone ash, 236; 
copper, 201, 214-6; hydrogen 

bromide, 277; hydrogen iodide, 
273; hydrogen sulphide, 196; 
lead dioxide, 247: manganese di¬ 
oxide, 150; nitrogen peroxide, 
2 22-8; potassium chlorate, 281. 

Sulphurous acid [see also Sulphur 
dioxide), electrolysis of, 205. Re¬ 
action with, nitric acid, 219; 
nitrogen peroxide, 220, 224-8; 

synthesis of, 207. 

Superphosphate, preparation of, 236; 
teaching approach to, 231. 


Teaching methods, 497-529. 

Thermit reaction, 285. 

Three-way tap, 303. 

Time reactions, 412. 

Turgescence, 464. 

Utilitarian aims, 522. 

Vapour densities determined, 332-6. 

Violet acid, 225-9. 

Volgasometer, 324. 

Voltameters, 350-5. 

Volume ratios, by counting bubbles, 

135. 

Ware, G. C.. gas trap, 547. 

Water, analysis of, gravimetric, 340; 
catalytic action of, 196, 468; 

decomposition by: (a) chlorine, 
154, (b) metals, 38-47; detection 
of, 56, 61; electrolysis of, 352-5; 
and hre, 482; hardness of 108-12; 
obtained from air, 71; reaction 
with sodium peroxide, 481; syn¬ 
thesis of, 55-7; volume, composi¬ 
tion of, 340-55- 

Water, gas, 113; glass, 453. 

WehfieWsintQTVw^iQV, 85. 

Weighing, technique of, 312, 333, 

Wendt, Gerald, quoted, i, 504, 513. 

Wesiaway, F. W., book by, 13; 
quoted, 501, 513, 527. 

Wilson, Canon J, M., 498; quoted, 
506, 536. 

Witherite, 238-41. 

Wood, dry distillation of, 91-3; gas, 
made luminous, 94. 

X-RAY spectrograph, 548. 

Zinc, reaction with, carbon dioxide, 
112; hydrogen chloride, 147; sul¬ 
phur, 188; sulphuric acid, 206. 

Zinc sulphate, electrolysis of, 430. 






